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NOAA-6 satellite image showing northern Ellesmere Island and 
Greenland. Ice-covered highlands are readily distinguished 
from currently unglaciated terrain. The left central part of 
the image shows Axel Hieberg Island. 
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ABSTRACT 


Clements Markham Inlet is a major re-entrant on the 
northernmost coast of Ellesmere Island which cuts into the Grant Land 
Mountains. The head of the Inlet is bounded on three sides by 
mountain ice caps. However, a 30 km belt of ice-free uplands occurs 
along the outer part of the Inlet. Lowlands at the head of the Inlet 
are also ice-free and are characterized by extensive raised marine 
deposits. Fieldwork and mapping provides a scenario of former glacier 
behavior, especially the pattern of ice retreat from confluent 
positions at the head of the Inlet. Over 40 radiocarbon dates on 
driftwood and marine shells are used to develop a chronology and to 


reconstruct the history of sea level. 


High-level ice marginal channels and mountain summit erratics 
indicate that old glaciations inundated the whole of Clements Markham 
Inlet. At least one of these undated glaciations flowed unconstrained 
‘ by the local topography and inundated the entire region. In contrast, 
the most recent glaciation involved confluent trunk glaciers which 
terminated near the head of the Inlet. Beyond this major terminus, 
smaller glaciers along the sides of the Inlet debouched into a high 
full-glacial sea. Initial retreat from the last glaciation is well 


documented by moraines, kame terraces, and ice contact-deltas. 


The oldest date on the terminus of the last glaciation is 


9845 BP. After this time, slow retreat was in progress so that some 
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of the ice margins were within 7 km of their current position by ca. 
9.7 ka BP. The mouths of the confluent valleys at the head of the 
Inlet did not become ice-free until ca. 8 ka BP. However, after ca. 8 
ka BP glacial retreat accelerated greatly so that the entire lowland 


became ice-free within ca. 400 years. 


Relative sea level curves concur with the ice load changes 
suggested by the pattern of recession from the maximum limit of the 
last glaciation. Distal to the ice limit the full glacial sea 
attained 124 ma.s.1.. The strandlines indicate that slow emergence 
occurred from 11-10.5 ka BP to ca. 8 ka BP (0.72 m 100 yr~'). This 
period was followed suddenly by 'normal' rapid postglacial emergence 


which decelerated to the present. 


The characteristic stratigraphy varies between the proximal 
and distal sides of the 10 ka BP ice margin. Up-ice of this margin, 
at the head of the Inlet, the sections commonly show that a marine 
transgression immediately followed the retreat of a grounded glacier. 
Conversely, distal to the 10 ka BP margin, along the sides of the 
Inlet, the stratigraphy shows complex intercalations of marine and 
glacigenic sediments indicating proximal ice front conditions 
throughout the whole of the sedimentary record where small valley 


glaciers contacted the full glacial sea. 


The marine limit of the full glacial sea rises from 92 m 
a.s.l., at the outer coast, to 124 ma.s.1l., near the last ice limit 


at the head of the Inlet. Emergence from this marine limit, on the 
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distal side of the ice limit, occurred simultaneously along the sides 
of the Inlet. Conversely, the marine limit on the proximal side of 

the ice limit descends in the up-ice direction. In this area the age 
of the marine limit is directly controlled by the retreat of the ice 


front and is therefore progressively younger in the up-—ice direction. 


Individual strandlines tilt up in a southwesterly direction, 
towards the central Grant Land Mountains, suggesting a center of 
isostatic uplift in that area. Regional isobases on the 10 ka and 
8 ka BP shorelines show this discrete center which is separated from 
the Greenland center by a cell of low emergence over the Lake Hazen 
area. The regional isobases indicate that by 6 ka BP the tilting of 


shorelines was dominated by the former Greenland ice load. 


The history of emergence on northernmost Ellesmere Island is 
similar to that on northeastern Ellesmere Island and Greenland, but 
initial emergence occurs two thousand years sooner in Clements Markham 
Inlet. This may be due to: a dissimilar glacioclimatic regime 
influenced by the proximity of the Arctic Ocean; or due to a 
difference in the response times between the Greenland Ice Sheet and 


the Ellesmere Island ice caps. 
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Chapter I 


Introduction 


1.1 Nature of the Study 


Quaternary studies on northern Ellesmere Island were 
initiated in the early 1950's with reconnaissance work by Prest 
(1952), Blackadar (1954), Gadbois and Laverdiere (1954), 
Hattersley-Smith et al., (1955), and Christie (1957). Much of this 
early work was associated with studies on the dynamics of ice shelves 
and detached ice islands on the northernmost coast (Fig. 1.1; Koenig 
etal.) 1952; Marshall ,°1955; Crary, 1956, 1958, 1960; 
Hattersley-Smith, 1957). During the International Geophysical Year 
1957-58, geological, glaciological, and geomorphological studies were 
carried out under the auspices of the Defense Research Board and the 
Geological Survey of Canada (Christie, 1958, 1959, 1960; Deane, 1958, 
1959; Hattersley-Smith, 1958, 1960; Smith, 1959, 1960; Brochu, 1959). 
Subsequent studies on glacier fluctuations and climatic change (e.g. 
Hattersley-Smith, 1969, 1971; Hattersley-Smith and Long, 1967; Lyons 
et al., 1972; Lyons and Mielke, 1973) continue to the present (e.g. 
England, 1974a, 1976a, 1976b, 1978, 1982, 1983; England and Bradley, 
1978; England et al., 1981; Stewart, 1981; Stewart and England, 1983). 
Similar reconnaissance studies on the glacial history of adjacent NW 
Greenland have also been undertaken (Koch, 1928; Davies, 1972; 
Weidick, 1972, 1976). A detailed summary of previous research on 


northern Ellesmere Island can be found in England et al., (1981b). 
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This study is an extension of the latter investigations on 
the Quaternary history of northern Ellesmere Island. However, the 
majority of previous and contemporary studies were undertaken on NE 
Ellesmere Island, S of the Grant Land Mountains (Fig. 1.1). 
Consequently, the purpose of this investigation was to extend the 
Quaternary data base to the northernmost coast of Ellesmere Island. 
Clements Markham Inlet was chosen for this work since it is a major 
re-entrant of the Lincoln Sea, Arctic Ocean extending well into the N 
flank of the ice-covered Grant Land Mountains. Moreover, previous 
reconnaissance work by Christie (1967) reported widespread Quaternary 


deposits in this area which warranted further investigation. 


1.2 Objectives of the Field Work 


Prior to this study, detailed field work on the glacial 
history of northernmost Ellesmere Island has not been undertaken 
despite the area's major ice fields and fiord systems and its direct 
proximity to the Arctic Ocean (Fig. 1.1). The primary objective of 
the thesis, therefore, is to expand the glacioisostatic data base for 
Ellesmere Island and to relate it to the late glacial stratigraphy. 
This information would be particularly relevant to: the controversy 
regarding the extent of ice in northern high latitudes during the last 
glaciation (Blake, 1970, 1975; England, 1976 a and b; England et al., 
1981; Hughes et al., 1977); the chronological and paleoenvironmental 
interpretations of High Arctic ice cores (Dansgaard et al., 1971; 
England, 1974b; Paterson, 1977; Koerner et al., 1979); the importance 


of the Arctic Ocean as a moisture source for the growth of northern 
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high latitude ice sheets (Ewing and Donn, 1956; Hunkins et al., 1971; 
Herman and Hopkins, 1980); and finally the hypothesis for biological 


refugia in this area (Brassard, 1971; Leech, 1966). 


Specifically, the thesis is concerned with the extent and 
chronological relationships of past glaciations in Clements Markham 
Inlet (Fig. 1.1). A second related objective was to determine the 
nature and pattern of postglacial emergence in order to improve on the 
provisional postglacial isobases originally drawn for NE Ellesmere 


Island (cf. England 1976b, 1982). 


Field work in Clements Markham Inlet was conducted during the 
summers of 1979, 1980 and 1981. As a working hypothesis, the author 
approached the study with a few a priori assumptions. These 
assumptions were based on the model of glaciation derived from NE 
Ellesmere Island (i.e. England, 1978). This model suggests that 
northernmost Ellesmere Island was subjected to at least two 
discernable glaciations, besides the earliest, limited incursion of 
the Greenland Ice Sheet onto NE Ellesmere Island. The last 
glaciation, of Ellesmere Island origin, was less extensive than the 
preceding one. Moreover, the extent of the last glaciation could be 
marked by Hazen Moraine equivalents of ca. 8 ka BP or younger age. 
These hypotheses, however, were taken with caution since there was no 
reason to believe that the last glaciation, N of the Grant Land 
Mountains, should necessarily parallel the glacial history to the S, 
especially because the Arctic Ocean could have provided an important 


moisture source in the Clements Markham Inlet area. Moreover, the 
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current glacioclimatic regimes of the two areas are dissimilar as the 
Hazen Plateau is largely ice-free, whereas the Grant Land Mountains 
are generally covered by ice caps. Hence, field work in this area 
would help to test the degree of similarity between the N and S flanks 
of the Grant Land Mountain ice caps during the last glacial cycle. 
Lastly, since the postglacial emergence on NE Ellesmere Island was 
dominated in timing and magnitude by the Greenland Ice Sheet (England, 
1976a, 1982), it was thought that Clements Markham Inlet, being well 
removed from the latter ice load, would provide an. independent record 
of postglacial emergence controlled solely by the ice load over the 


Grant Land Mountains. 


1.3 General Physiography of Northern Ellesmere Island 


Northern Ellesmere Island contains two major physiographic 
regions: the Grant Land Mountains in the north, and the Hazen Plateau 
to the south (Fig. 1.1). The mountains form part of the Innuitian 
Orogenic System, having predominant NE-SW structural trends, and are 
principally comprised of clastic and carbonate sequences of 
eugeosynclinal rocks (Trettin, 1972). Mountain summits range from ca. 
1000 m a.s.1. along the rugged northernmost coast, to greater than 
2500 m a.s.l. SW of the Inlet where peaks project through ice fields 
aS spectacular nunataks. These thin, topographically controlled ice 
fields are generally found above 1100 m a.s.1. and attain maximum 
thicknesses ca. 900 m (Hattersley-Smith et al., 1969). Major trunk 
glaciers, flowing from these ice fields, feed the north coast fiords 


forming floating ice tongues as they debouch into the Sea. 
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Nonetheless, the heads of Clements Markham Inlet and Ayles Fiord are 
presently ice-free, although several valley glaciers in Clements 


Markham Inlet terminate within ca. 8 km of the present coast. 


To the S, the Grant Land Mountains are abruptly bounded by 
the "Lake Hazen Fault Zone" which forms the NE boundary of the Hazen 
Plateau (Christie, 1964; Trettin, 1969, 1972). Here the mountain 
flanks contain several southward flowing valley glaciers which 
presently terminate along the Lake Hazen Fault Zone. The elevation of 
the Hazen Plateau is ca. 300 ma.s.l. in this area and rises to ca. 
1300 m a.s.l. along its S boundary formed by Archer Fiord and Lady 
Franklin Bay. Judge Daly Promontory, on the S shore of Lady Franklin 
Bay/Archer Fiord, forms the northern extension of the Victoria and 


Albert Mountains (SW of the Hazen Plateau, Fig. 1.1). 


In addition to the ice-covered uplands, the Hazen Plateau may 
have been an important source area for past ice accumulation because 
much of it is just below the present equilibrium line altitudes. 
Moreover, several small plateau ice caps already exist along its 
uplifted S rim (England and Bradley, 1978). The Hazen Plateau is 
connected to the head of Clements Markham Inlet via a deep ice-free 
trench, crosscutting the general structural trend of the Grant Land 
Mountains. The trench, Piper Pass, is ca. 3 km wide and 900 m deep. 
All drainage from Piper Pass is northward to Clements Markham Inlet, 
however it is presently blocked by three prominent valley glaciers 


which in turn dam three proglacial lakes at the S end of the pass. 
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1.4 Development of the Regional Glacial History of Northern Ellesmere 


Island 


The overall morphology of Ellesmere Island led many workers 
to conclude that large scale glacial modification of the landscape had 
taken place. Pelletier (1966) studied the channel bathymetry within 
the Queen Elizabeth Islands and deduced that they were eroded by large 
outlet glaciers (i.e. Nares Strait, Fig. 1.1). Certainly, some fiords 
on the NW coast of Ellesmere Island and elsewhere are overdeepened. 
For example, Disraeli Fiord (Fig. 1.1) is more than 300 m deep and a 
submarine canyon, reaching 850 m in depth, trends NW from the fiord 
mouth (Crary, 1956). However, deep, interisland channels may just as 
easily reflect the tectonic evolution of the arctic islands. That 
major outlet glaciers may have occupied fiords may be indicated by 
shoals ca. 15-20 km off the N coast, in the vicinity of Ward Hunt 
Island, which Crary (1956) interpreted as terminal moraines. However, 


again, there is no other evidence to support this speculation. 


Similarly, Taylor (1956) reasoned that the well-developed 
fiords on the W coast of Ellesmere Island could not have been eroded 
by the diminutive Ellesmere Island ice caps, and therefore, he assumed 
that the Greenland Ice Sheet had once inundated Ellesmere Island. 
Smith (1961) also noted the absence of fiords between 78° and 82° N on 
the Island's E coast but attributed this to a protective ice cover 
which occurred when the Greenland and Ellesmere Island ice sheets 
merged. However, in an earlier paper, Smith (1959) rejected the 


hypothesis that Greenland ice had completely inundated Ellesmere 
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Island, since only Ellesmere Island erratics (chert conglomerates and 
quartzites) were found beneath mountain summits in the southern Grant 
Land Mountains. A former N to S ice flow was also recognized on the 
Hazen Plateau, reinforcing this view. Moreover, Hattersley-Smith 
(1961) suggested that Ellesmere Island ice had formed a protective 
cover over the topographically-uniform Hazen Plateau, whereas 
preglacial fluvial valleys on the W coast of Ellesmere Island had been 
extensively modified by major trunk glaciers flowing from local 
highland ice caps. However, none of the authors suggest specific 
glaciological conditions which would lead to such differential, large 
scale glacial erosion (e.g. warm versus cold=-based ice). Moreover, it 
is now clear that the Grant Land Mountains and the Hazen Plateau have 
had distinct tectonic histories and are separated by major faults 


(Trettin, 1972). 


Definite evidence that Ellesmere Island was previously 
inundated by a substantial thickness of ice comes from the 
distribution of glacial erratics. On the northernmost coast 
Hattersley-Smith et al., (1955) reported a gabbro erratic at 335 m 
a.S.l. on Ward Hunt Island, whereas, Disraeli Fiord, to the 5, was 
considered glaciated to 760 ma.s.1.. Lyons and Mielke (1973) thought 
erratics, up to 600 ma.s.l. in this area, represented a substantial 
thickness of ice during the last glaciation. Moreover, Fyles and 
Craig (1965) suggest that the erratic distribution of NW Ellesmere 
Island shows an ice flow across the general trend of ridges and 
valleys (ca. 900 m of relief). Christie (1967) notes erratics, from 


880 to 1370 m a.s.l., below the summits of the United States Range, 


tide bate teenlapioe ees 
Zna nrenttiog ocd: or ating er 
ari? Ao ban bnyosen nase oe welts al @: we ~ re 
Arunenys Te tedeed ate ee “ie 
“avbowte73 s bptnot batt sor Spat $ 
patein cnet’ Teh, etnies: a 
fuied et tame led eran so eat oH) 
igiegt n't? at rwost \ erate 3 ae 
ST Roage ieee & etoatai: vee ica \ahon ne = oe eae 
ce ee Brarere ies ny ote b 4 peo BTbiow ato a 
ee Se + acieel PLO acevay arian ; 


. Rear geete ls. ts gah < ort ae Sake alia 
galoes: ati WE  paiteralgsia he ie! if 


yieno? — id inate str 
Std 8 ee CE be - 
Jég09 sacinanyaat on oF 2 tbls ian sh 
o PER fe olden “oidtigy's 3s baeltndea RR alti al 
Sew ,& Silt od seek’ “Henlidae ena Ye ter 3 
tigoons eter (} silgi¥ in NP EERE AGT An | apary: 
ishinadedia = togoses Hyon ane Hine HL wh, een ObG ae 
bas vt noenarial nil feces tet: ont? tue 
| aieteee (1% wi te cance aa oktevw ond eat, vega 
a esighol ‘te ‘po ‘iepneating ait teerdes wort soi re 9 ati a 
eet 25a bekan CHRONY onde: sitheaites ity’ 008 Ul 
peanak cues, vedintl buy ve eclitanie ‘ak wold plies 0 va : 


1 ‘ é 
i : ) 


Grant Land Mountains. England (1978) found Ellesmere Island erratics 
up to 830 ma.s.l. at the head of Archer Fiord indicating at least a 
1000 m thickness of ice. Similarly, Hattersley-Smith (1969) also 
estimated a maximum thickness of 1000 m for the former glacier which 


occupied the head of Tanquary Fiord, 150 km to the W (Fig. 1.1). 


Evidence from erratics also indicates a limited incursion of 
the Greenland Ice Sheet onto Ellesmere Island. Christie (1967) mapped 
granite and gneiss erratics up to 760 m a.s.l., and 40 km inland, from 
the NE coast of Ellesmere Island. The profile of uppermost Greenland 
erratics has been subsequently mapped along 70 km NE Ellesmere Island, 
where they occur only 5-15 km onto Judge Daly Promontory, and descend 
rapidly to the south away from the presumed ice source in Petermann 
Fiord (England and Bradley, 1978). This advance, however, predates 


the maximum Ellesmere Island advance in the same area (England, 1978). 


From the evidence cited above, it is clear that a number of 
authors agree that at some time in the past a penultimate glaciation 
occurred, however, controversy arises as to the exact timing of this 
event. Inspired by the "Flintian" view of maximum late Wisconsin ice 
(cf. Flint, 1971) a number of workers assumed that Ellesmere Island's 
last glaciation! was essentially all-pervasive (e.g. Blake, 1970; 


‘he term "last glaciation" or last "glacial cycle" is used in 


this thesis to mean the latest major glacial episode in this area. 
This episode culminated during the late Wisconsin stage, but 
terminated in the earliest Holocene, and may probably be regarded 
as the approximate equivalent of the late Wisconsin stade of the 
Laurentide Ice Sheet to the S (cf. Dyke, 1983). 
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Hughes et al., 1977). Conversely, others have found evidence 
Supporting a limited ice cover during the last glaciation (e.g. 
England, 1974, 1976a, 1976b, 1978; England et al., 1978, 1981a; 


Paterson, 1977). This dichotomy is examined in the following section. 


1.5 The Last Glaciation 


The previous section noted that problems exist in delimiting 
the limits of the last glaciation in the area. Clearly, one of the 
complications is the polycyclic nature of Quaternary environments. 

For example, the region may have been subject to any number of glacial 
cycles in the past, each of which contributed to the overall evolution 
of the contemporary landscape (e.g. fiord erosion, erratic 
distribution). To date, two major lines of evidence have been used to 
overcome this problem and to determine the extent of ice during the 
last glaciation on Ellesmere Island. One is the inverse method of 
noting the amount and pattern of glacioisostatic emergence; the second 


is using direct glacial geologic evidence. 


The amount of postglacial emergence is commonly thought to 
reflect the magnitude of a former ice load. Blake (1970) found a 
ridge of greatest emergence running from Bathurst Island to Eureka 
Sound. From this he concluded that an "Innuitian Ice Sheet" existed 
and that it inundated the Arctic Islands north of Lancaster and 
Viscount Melville Sounds and coalesced with the Greenland Ice Sheet in 
Nares Strait during the last glaciation. Walcott (1972) also 


contoured a ridge of maximum emergence, which he named the Innuition 
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Uplift, extending from near Bathurst Island, across Ellesmere Island, 


to NW Greenland. 


England (1972a, 1982), on the other hand, interpreted the 
emergence data in a different manner. He suggested that uplift over 
the eastern Queen Elizabeth Islands had a gradient and orientation 
reflecting the dominance of the Greenland Ice Sheet to the E. He 
argued that since the lithosphere is rigid, an ice load will depress 
the land beyond its margin (Brotchie and Silvester, 1969; Walcott 
1970), and therefore Greenland and Ellesmere Island ice did not 
necessarily have to coalesce to produce this emergence pattern. Using 
a theoretical geophysical model (Brotchie and Silvester, 1969), 
England (1974) reproduced the postglacial isobases (isopleths of 
emergence) by assuming an advance of 100 km by the Greenland Ice Sheet 
and ca. 60 km by the Ellesmere Island ice. However, this model may 
not be entirely realistic as it assumes complete isostatic equilibrium 
and no restrained rebound before deglaciation. Conversely, Weidick 
(1976), took the same emergence data and contoured it to indicate 
maximum uplift from Greenland towards Ellesmere Island. Paterson 
(1977) examined the conclusions of the above authors, and noted that 
different authors provide dissimilar interpretations of the same 
emergence data. He also questioned whether isostatic equilibrium was 
attained within each successive glaciation. For this reason primary 
geological evidence must be given precedence over uplift data in order 
to determine the extent and timing of different glaciations (e.g. 
Boulton, 1979). Moreover, the emergence data can only have meaning if 


considered under the constraints of the direct glacial record. 
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Delimiting the margins of the last glaciation from glacial 
geologic evidence comes primarily from datable marine and terrestrial 
deposits, which can be related to specific ice margins and simple 
morphostratigraphic relationships. The most elementary method is 
determining the relative extent of surface weathering and attributing 
it to duration of exposure. For example, Hattersley-Smith (1969) 
noted a number of areas on northernmost Ellesmere Island with well 
developed dendritic drainage systems and fluvially eroded 'V' shaped 
valleys. He attributed the lack of glacial modification to a 
prolonged period of fluvial erosion since the area was last occupied 
by ice (possibly during pre-Wisconsin time). In addition, he 
described till of "two different ages" on the bases of morphological 
preservation and lichen cover in Tanquary Fiord. The lower, less 
extensive till cover was considered to be from the last glaciation. 
Dates on the oldest postglacial shells and initial peat growth 
indicate that deglaciation of the fiord head had taken place prior to 
6.8-6.5 ka BP (Hattersley-Smith and Long, 1967). Moreover, 
Hattersley-Smith (1969) recognized that many of the larger scale 


glacial features could date from an earlier period than the Wisconsin. 


Surfaces with deep weathering, usually containing tors and 
blockfields, are often cited as evidence of nonglaciation during at 
least late Wisconsin time (cf. Dyke, 1976; Ives, 1978). England and 
Bradley (1978) described such extreme surface weathering within the 
zone of Greenland erratics on NE Ellesmere Island. This, they note, 
is similar to the advanced weathering described for the outermost 


glacial deposits on Inglefield Land, NW Greenland (Tedrow, 1970). 
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Furthermore, England (1978) dated fossiliferous Greenland till within 
this weathered zone >80 ka BP (based on amino acid age estimates). 
Stratigraphically, this represents the latest advance of the Greenland 
Ice Sheet onto Ellesmere Island and from the distribution and profile 
of Greenland erratics England and Bradley (1978) concluded that the 
Greenland Ice Sheet's maximum extent did not exceed ca. 100 km beyond 
its present margin. Moreover, England and Bradley (1978) also 
describe a subsequent Ellesmere Island ice advance, also quite 
weathered, which cross-cuts the lower elevations of the Greenland 
erratic zone. This advance was characterized by thin 
topographically-controlled ice lobes which terminated in Kennedy 
Channel, producing small ice shelves when relative sea level was ca. 
162-175 m a.s.1. (England et al., 1978, 1981a). Marine terraces 
bordering the former ice shelves provided minimum radiocarbon dates of 
>30 ka BP, whereas, amino acid age estimates are >35 ka BP (England et 
al., 1981). Since these deposits show no evidence of being 
overridden, England and Bradley (1978) conclude that this coastline 
was entirely ice-free during the last glaciation. Earlier, England 
(1974a) identified morainal belts near the heads of fiords and bays, 
termed the Hazen Moraines, which he suggested were the limits of the 


last glaciation on NE Ellesmere Island. 


As a reason for limited ice advance in the High Arctic, 
England (1976), and England and Bradley (1978), suggested that 
advection of moist air from the S was inhibited by the Laurentide Ice 
Sheet during the last glaciation. They noted that the formation of 


the Hazen Moraines on NE Ellesmere Island probably did not occur until 
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ca. 8 ka BP, possibly in response to the Laurentide Ice Sheet breaking 
up in the S. However, recent evidence, particularly from the raised 
marine record, indicates that the ice reached the Hazen Moraines 
before ca. 11 ka BP and maintained this position until ca. 8 ka BP. A 
period of slow recession followed and was succeeded by rapid 
deglaciation 6.2 ka BP (England, 1983). Moreover, an isostatically 
depressed, ice-free corridor existed between the Greenland and 
Ellesmere Island Ice Sheets which emerged synchronously during initial 
deglaciation (England, 1976, 1978). By establishing emergence curves 
for NE Ellesmere Island, England (1983) is able to distinguish between 


areas that were ice-covered or ice free during the last glaciation. 


Evidence supporting ice-free zones during the last glacial 
cycle is also. found on the Greenland side along northern Nares Strait. 
Tedrow (1970) studied three successive glacial advances in Inglefield 
Land and found the most recent one extended only 15 km beyond the 
present ice margin. Moreover, he obtained a date of ca. 20.8 ka BP 
from organic debris in a terrace, 50 km from the present margin. 
Davies (1972) also recognized three glacial advances in Hall Land, NW 
Greenland. The last, which he believed to be late Wisconsin in age, 
extends only 12 km beyond the present ice margins. Weidick (1976) 
also found no evidence of glacial advances over marine sediments dated 
ca. 19 ka BP, 50 km beyond the present ice in Orlik Fiord, NW 
Greenland. Lastly, Christie (1975) identified three moraine systems 
in Peary Land. The oldest moraine represents expansion of the Inland 
Ice from the S, whereas, a 'local' moraine was derived from a 


subsequent advance of the Nordkronen ice cap to the N. The youngest 
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moraine may represent either a late-glacial readvance or a stillstand 
during retreat of the Nordkronen ice cap, however, Christie (1975) 


gives no ages for these advances. 


The above studies suggest that during the last glaciation 
there was a restricted ice advance bordering northern Nares Strait, 
and hence, the coalescence of the Greenland and Innuitian Ice Sheets 
is not presently supported by field evidence. Furthermore, both 
botanical and zoogeographical evidence suggest the likelihood of 
refugia on northern Ellesmere Island during at least the last 


glaciation (Leech, 1966; Brassard, 1971). 


Nonetheless, proponents of the maximum late Wisconsin model 
remain. In addition to the uplift data discussed, the main arguments 
for this model are three-fold. The first is the presence of glacial 
Striae. Blake (1977a) found fresh striae on surfaces at Pim Island 
and Cape Herschel, east-central Ellesmere Island, and he suggested 
that they were probably produced by southward flowing Greenland ice 
entering Kane Basin during the last glaciation. In addition, Blake 
(1977a) noted that, in general, freshly scoured bedrock is confined to 
low-lying areas, whereas highly weathered rock mantles the uplands. 
He explained this by invoking an ice cover with cold-based conditions 
in the uplands and pressure melting in the lowlands. Freshly 
preserved striae were also found on the Carey Islands in NW Baffin 
Bay, off the Greenland coast (Blake, 1977b), suggesting extensive 
advance during the last glaciation. Surface striae are generally 


found only on fresh, recently deglaciated surfaces, since resistance 
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to subaerial exposure is poor. However, Boulton (1979) points out 
that the presence of striae does not imply that they were produced 
during the last glaciation. Ambiguity can be introduced if 'fresh!' 
striae, of unknown age, are long protected by a mantle of overburden, 
to be exposed at a later date. Moreover, postglacial high sea levels 
may contribute to exhuming striae at lower elevations. In addition, 
England et al., (1981) noted that some of the higher-level striations 
observed by Blake (1977) could have been produced by local glaciers, 
rather than by a greatly expanded Greenland Ice Sheet. A number of 
radiometric dates on in situ shells also suggest the Carey Islands 
were deglaciated >32 ka BP (Davies et al., 1963; Bendix-Almgreen et 


al., 1967), and therefore escaped the last glaciation. 


The second argument by proponents of the maximum ice cover 
hypothesis is that numerous radiocarbon dates in the High Arctic, 
particularly those in the 20-12 ka BP range which define past ice 
limits, are anomalous. The general assumption is made that these 
dates are due to mixing of 'old' material with Holocene material 
(Blake, 1974, 1976). Although this may be the case for samples of 
shell fragments or accumulated organic material, it would be unlikely 
for in situ shells in marine deposits. Moreover, numerous 'old' 
deposits occur in the High Arctic which show no signs of being 
overridden by subsequent glacial advances (England, 1976b). Given 
this evidence, it would seem logical to expect materials which would 
also produce intermediate dates between early Holocene and infinite, 


particularly if the areas were ice-free during the last glaciation. 
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Lastly, the third argument, related to the previous two, 
deals with the actual location of ice margins at the height of the 
last glaciation (ca. 18 ka BP along the southern Laurentide Ice Sheet; 
Dreimanis and Karrow, 1972). The proponents of the maximum model 
maintain that such margins were generally offshore and consequently 
unmappable. Furthermore, they maintain that the numerous well 
established early Holocene ice margins were merely stillstands during 
deglaciation (cf. Prest, 1970; Andrews, 1973; Blake, 1977). Although 
this hypothesis provides a reason for the missing 18 ka BP ice 
margins, the consequence must be that large areas of extensively 
weathered terrain and undisturbed 'old' deposits must have been 
preserved by 'non erosive’ cold-based ice. Although small, localized 
areas may survive glaciation with little alteration, no modern day 
analogs occur, where large, unaltered areas have been recently exposed 
by retreating cold-based ice. Furthermore, areas which are thought to 
have been covered by cold-based ice during the last glaciation on 
Somerset Island left many clues of previous occupation (Dyke, 1983). 

A final point is that if the 18 ka BP margins were less extensive than 
subsequent early Holocene margins, they would be equally as difficult 


to find. 


Dichotomy concerning the extent of the last glaciation is not 
only confined to the terrestrial and marine records. Reynaud and 
Lorius (1973) suggested that the gas content in ice dating from the 
last glaciation from the Camp Century core, NW Greenland, indicated 
that it originated 1300 m above the present ice divide. Consequently, 


it was suggested that it originated fran an earlier ice divide which 
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may have formed over Kane Basin (Robin, 1973). However, Paterson 
(1977) provided an alternative explanation by suggesting that the ice 
may have originated from the main Greenland ice divide to the E, and 
not the present subsidiary one. Koerner (1977) stated that a 
restricted ice cover in the Arctic Archipelago during the last 
glaciation agrees with the isotopic record from the Devon and 


Ellesmere Island ice cores, in that major thickening of the ice caps 


was not recorded. 


In summary, the above review emphasizes a number of problem 
areas concerning the glacial history of northern Ellesmere Island. 
One problem is largely a product of the scarcity of data from large 
areas - for example, the uneven distribution of accurately measured 
and dated strandlines between Greenland and Ellesmere Island (>100 
points exist on Ellesmere Island, compared to ca. 5 on the adjacent 
Greenland coast). Consequently, any number of isobase patterns can be 
drawn for the same data base. Secondly, indirect evidence of former 
ice loads based on postglacial isobases must be classified by direct 
morphostratigraphic and stratigraphic evidence delimiting these former 
ice margins. This, in turn, can be demonstrated only by dated 
moraines and ice-contact deltas (the glacial limit) beyond which an 
ice marginal depression may be identified. Moreover, because very few 
ice margins are actually dated in the High Arctic, other than the 
Hazen moraines on NE Ellesmere Island and west-central Ellesmere 
(Hodgson, in press), the relation between actual ice coverage and 
rebound in this area remains speculative. Hence, it is clear that the 


controversy with respect to the extent of the last glaciation can only 
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be resolved by field work. 


1.6 Post Last Glaciation 


The glacioclimatic history of northern Ellesmere Island, 
following major deglaciation in the early Holocene, is less 
controversial. It is generally recognized that a mid-Holocene 
climatic deterioration occurred. This is indicated by glaciers which 
advanced into V-shaped valleys and over raised beaches, and by 
piedmont glaciers which advanced into main valleys causing divergence 
of drainage. In the Tanquary Fiord area, dates on buried organic 
material suggest this occurred ca. 4 ka BP (Hattersley-Smith, 1969). 
Moreover, organics underlying till adjacent to the Eugene Glacier 
dated 4.9 ka BP (Lowdon and Blake, 1979). Ice shelves also began to 
form or at least re-exposed on the N coast during this interval (<4 ka 
BP; Crary, 1960; Lyons and Mielke, 1973). Furthermore, dates on 
organic deposits near the snouts of the Gilman and Air Force glaciers 
indicate that during the last 900 years there has been little change 
in their terminal position (Trautman, 1963; Lowdon et al., 1967). 
Currently, however, numerous larger glaciers appear to be advancing 
while several smaller glaciers have receded from moraines during the 


last 40 years (Hattersley-Smith, 1969). 
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Chapter II 


Physical Characteristics of the Study Area 


2.1 Physiography 


Clements Markham Inlet lies along the northernmost coast of 
Ellesmere Island, Northwest Territories (82°H2 N 67°30'W; Bee ee le 1) « 
The Inlet forms a SW trending reentrant which extends from the Lincoln 
Sea into the Grant Land Mountains, and is ca. 50 km long and averages 
8 km in width. Its origin appears to be the result of Paleozoic 
faulting (Blackadar, 1954; Christie, 1964) rather than glacial 
erosion. Nevertheless, subsequent glacial erosion most certainly 
occurred as glacial polish and erratics have been observed in this 
area to 600 ma.s.l. (Hattersley-Smith et al., 1955; Christie, 1967; 
this study). 


The head of Clements Markham Inlet comprises a lowland (ca. 

200 Pe which is occupied by the contemporary sandar of the Clements 
Markham River and Piper Pass valleys. Raised marine silt plains which 
are extensively gullied are also found in this area. The Grant Land 
Mountains, surrounding the head of the Inlet, reach 1500 to 1000 m 
a.S.l. and progressively decrease in elevation to ca. 600 ma.s.1l. at 
the outermost coast. Outlet glaciers emanating from ice caps on the 
Grant Land Mountains terminate 8 to 30 km from the Inlet shore (Plates 


2.1, 4.2). Because the mountains decrease in elevation toward the 
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Plate 2.1 Outlet glaciers in the Upper Clements Markham | 
River valley looking south. The Barrier Glacier is seen as 
it flows into the valley from the east. The terminus of this 
glacier lies ca. 30 km upvalley from the present shore of the 
Inlet. The Clements Markham Glacier lies further upvalley, 
immediately to the right and is not visible. 
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outermost coast only a few isolated snowfields and minor cirque 
glaciers exist in sheltered localities. In the relatively ice-free 
outer 30 km, the landscape exhibits a predominantly fluvial character 
with dendritic drainage patterns and 'V' shaped valleys dissecting the 
alpine topography. Another noteworthy feature is that the relative 
size of the deltas and raised marine deposits also decreases from the. 
head of the Inlet to the outer coast. This aspect will be discussed 
in Chapters III and IV. Place names used throughout this thesis 


(official and unofficial) are provided in Figure 2.1. 


Zee Geology 


Northern Ellesmere Island falls within the Innuitian Orogenic 
System (Fortier et al., 1954) which has a complex history of 
deposition and tectonic activity spanning late Proterozoic to late 
Tertiary time (Trettin, 1972). Proterozoic, intrusive-metamorphic 
terrane on the NW tip of Ellesmere Island, comprising part of the 
Pearya Geanticline, is bounded to the SW by several geosynclinal 
belts, associated with the early Paleozoic Franklinian Geosyncline and 
the late Paleozoic to mid Tertiary Sverdrup Basin, which have a 
predominant SW-NE structural trend. These two periods of 
sedimentation were terminated by uplift during the Ellesmerian and 
Eurekan Orogenies respectively. Figure 2.2 depicts the geology of the 


Clements Markham Inlet area. 


ov cap _* - 
er. “ay ‘ y +2rc, 
’ aoe 
a 4 : 7 
oe | ae: 
vere 
ee * tel b wet P % sd “fe908 
S é , saaiysa. rake aa 
f ou 5 aa > i, aie i era ey baited 
“ivent efariveiet a? Mi, tinsel acai nt : ™ 
‘ “stv tt Yithnertaiebang’s salt tit tx > sysoeiest ott ym * 
~ & Ne : iM ; q i : 
. , * . y & ray sy are mb ola — wing oii 2 
Spi! : Mk 4 . G et A F ¥ (i 4 as ta} LLG _ 
 erutes’t. yeiowadod edionk wt ta ws ee 
4 tL es i + the ‘ - . ue a 
Pe ns oe 25 eis ‘hogan oti ier Dae. coy b ie neds: a b-s +: 
tered . aint |‘ .Jdenom. tau aii a da! ink on i 
, néhet salen oad Ae bap 11f ‘ 
c : oe uy 
un ¥t vom Pris (Late, aon bite 
‘ 3° | Re 
shed ‘ rn 
Nhu sie a, 
‘ STi ois ‘ties oF. ‘3 a! veut ~~ 
: . d ; sig ie i nr % 
> | > ee uC tt * ifs ‘ i seas lb gatas: v 
» ‘ or BS oi “-— 
. , - | eA i ~ as ee 
 otdgronetoncieinaat siegeaaiete a a 
ae : 
a ? rs ee bd) rs 
ta $e) MLSS gett) Sanaa ba halt wa 
5 s Pail , 
i i "wee . io Wee oii, 
Pee hy Pe 
- A 
bre @nictonysdeo dain ea ofolosts’ ; ‘th onl ave ie \ 
pe a Om 
s ver doce ER a gain ee Legg ote oe 


 ombeied paella scat ake ‘anug arte Bl 


for ae %) - 


= She meivenesl (2 onl gding eon Pl bint teat my jerome bor 


: a : on is ane ma , , ; 
- : Ngolons sud ator bob's. = ‘oun _nebetooaaer is | aor és atom 
ee ti | aot : 7 as 


os sit — eM 22 


23 


oan 


400-7 aul 
UA _posymorsyy 


/ oO oy 4BUIO 
: Bs 


suo SPOIO IWe 24 


ubdjJO) adog 119D4S1Q “fv gm aye 


2) 


JID fuasays 


"/0/9/ZfOUN asd 
S9WOU pazlIs/04/ 


S@eWON 2829Djd 


l'2 synod 


1 tea i.) Renan Pee 
7 ra ea ag . 
4 y be ¥ i } 4 
“i eh 1 i 
| ‘ae gs oY ea 


’ Fi ' 
ie | i er OG 
a et tl tee op Aan ee equine sar spre calhiniaatl latent — 


a 


5 - 
; 
‘ve. 


a SS aa oP 
" 7 


a 


od) pueesuy 2h ¢ 


i 4 ‘So 
* ’ 


— 
a. 


a) 
a 


24 


sazeuoqied 
‘a}e41awo|bu0d‘az1Z}J4enb-41ap{Q pue D1ozoa;eg A, aeq'/ 


@7e49W0|6u0d ajqqad 4soulwSy04pnw'ysiyds 
-(°W4 pue}] yues§)ueld1aipsg pue uejsquey’g 
SIJUBDLOA UeLAN[ IS 40/pue ueld1Aopig’s 
91e4aW0|bu0d 31 qqed‘ y.04pnw‘ asu0jspues 
-(*W4 4407 spuejyS°wy eulw|)uel4sny is saaddpn pue PIW’t 
9} |wWOo| Op ‘auc jsow! | ‘auoJSpues 
“9u0js} {1S *auoIspnu-~(°d4g anoquey | 2s) ueluoneg’¢| 
Speq pedi ‘sea | 4odenra‘a|eys ‘auojspues ‘3}e40W0| Bu0D 
‘e1d004qg*auo sow! |. -uelwiog 40 Ssnojoaj!uogiey)’z 


ay 1zq4enb 


ypNe,y FSNsYyL 
aul,oiquy 
aut ,ouAds 


dig pue 9414395 


40/U] WOYUYIOW 
ABojoeg 


WHO! S ce) 
———_—_—___, 


Sjuswe|) 40 
pezjjoseued 


27-2 3YynNndld 


286) Muqwyz puo ujpesl ‘AoW : Wo4ss Perlog 


i536 <erotemmel fattest 95 265% Sipe 
pcgeue loys Ze ; sfute apetebdee, 4S r Sto! ann 


SHEL 
| | 33 tof at, SETS SOT SPITE ores 
the 2H 


' 
a x ‘72 R 


<font Lihe: abt et Bit! here Tie 1S hed 


336 jai i poas «tetsu aiveak on ,ehat Seyize 

a Fret yi agit t2° 7a sone IS ¥GDAP 

spls *16uUp4 ‘ieee Srie f - Pe fer raw he et ‘4h. nasa feet ANG. 
; Bsa pneo~ 2 Seen -O7ES ue? hats seit 
iz 26 emul Snoo 6s tsi Teupe TShie* b6 stoz notes yi Ss. 
ae ee ee 5 eee 


Pies eae? piear-{, ort rgd sah Bi eak pets 


eee 
ee 
"“S 
ti, 
—. 
_ 


ais) 
ave. i Pearya Geanticline 


The intrusive-metamorphic terrane of the northernmost coast, 
between Cape Aldrich and Markham Fiord (Fig. 1.1) is known as the Cape 
Columbia Complex (Trettin, 1969). It is comprised of ultramafic 
intrusions, granitic and pegmatitic dykes, biotite and granitic 
gneisses, and schists (Trettin, 1969; Frish, 1974). The intrusions 
have a wide metamorphic range and span a considerable time range, 
dating from late Precambrian to early Devonian (Frish, 1974; Sinha and 
Frish, 1976; Mayr et al., 1982). The Cape Columbia Complex formed 
part of the Pearya Geanticline which supplied clastic sediments to the 
Franklinian Eugeosyncline to the SE (Trettin, 1971). The Cape 
Columbia Complex is important to this study because it probably 
provided the ice-rafted granite and gneiss erratics found below the 
marine limit in Clements Markham Inlet. However, an alternate source 
may be the Greenland Shield because lithologies from these two areas 
are indistinguishable (Trettin, pers. comm., 1981). Nevertheless, 
eastward flowing surface currents along the N coast of Ellesmere 


Island make Cape Columbia a more likely source. 


2.2.2 Franklinian Geosyncline 


Lower Paleozoic strata in the study area were deposited 
during several phases of the Franklinian Eugeosyncline and Hazen 
Trough, a transitional region between typical miogeosynclinal and 
eugeosynclinal deposits (Trettin, 1969). Lithologic suites range from 


limestones and dolomites to quartzites, sandstones and conglomerates. 
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The principal units found in the study area are shown in Figure 2.2. 


The lower Paleozoic rock units were tightly folded during the 
mid-Paleozoic Ellesmerian Orogeny. This period is characterized by 
two main phases of uplift (middle to late Devonian and Mississippian) 
during which the area occupied by the southern Grant Land Mountains 
was uplifted relative to the regions SE and NW (Grant Land Uplift; 
Trettin, 1971). Tight NE trending folds, originating from the uplift, 
are exposed along the S margin of the Grant Land Mountains. Trettin 
(1971) also suggested that additional movement in this area occurred 
along a number of elongate grabens. Furthermore, trends in the fold 
axes suggest that major thrust faulting at the site of the Clements 
Markham Inlet trough occurred during the Ellesmerian Orogeny 


(Blackadar, 1954; Christie, 1964). 


2.203 Sverdrup Basin 


A large part of the study area is comprised of upper 
Paleozoic rocks. These units were deposited into the Sverdrup Basin, 
a successor basin to the Franklinian Geosyncline whose location was 
controlled by the latter's "deep seated crustal structure" (Trettin, 
1972). These rocks comprise the central part of the Grant Land 
Mountains (Fig. 2.2). Lithologies of nunataks in this area include 
limestone, sandstone, and chert pebble conglomerate (Christie, 1964). 
The chert pebble conglomerate, with its maroon sandstone matrix, 


produces distinct glacial erratics on the Hazen Plateau. 
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The mid-Tertiary Eurekan Orogeny terminated the Sverdrup 
Basin and represents the rejuvenation of the Grant Land Uplift 
(Trettin, 1973). The main movements during this time occurred along 
the Lake Hazen Fault Zone, a belt of thrust faults bounding the United 
States Range on its SE perimeter (Trettin, 1971). The Porter Bay 
Fault Zone has a subparallel trend to Clements Markham Inlet, and can 
be brebed from Porter Bay, on the Lincoln Sea, to ca. 16 km SW of the 
Barrier Glacier, within Piper Pass (Fig. 2.2). This fault zone 
separates the Permo-Carboniferous units of the Sverdrup Basin from the 
lower Paleozoic units (Trettin, 1971). The oldest known beds which 
were undisturbed by the Eurekan Orogeny are Pleistocene (Trettin, 
1973), whereas syntectonic sedimentation deposited Oligocene 


conglomerates in the Lake Hazen Basin (Miall, 1979). 
2.2.4 Erratics as Indicators of Glacial Flow 


As noted, chert pebble conglomerates from the Grant Land 
Mountains form distinct glacial erratics in this region, however, 
specific flow patterns cannot be reconstructed from these erratics due 
to their large area of provenance. Dioritic, diabasic and basaltic 
dykes and sills of Proterozoic to Mesozoic age also occur in abundance 
in northern Ellesmere Island (Christie, 1964), and hence are not 
generally useful indicators of glacial flow. However, characteristic 
lower Paleozoic (Ordovician?) volcanics outcrop in a small area S of 
Mt. Rawlinson and NE of Mt. Frere and in Proterozoic terranes near the 
Gypsum River, and are useful flow indicators (Fig. 2.2; Trettin, pers. 


comm. 1981). These erratics are further discussed in Chapter IV. 


3 
i" 


eA oS i) ee Ns ek (eo Grieve fi 
i ‘te 4 ; ° : : | 


garde meee Poe “thee eet 
bagitht ‘ct Rahul id a cabbie 
vas chase de aaa laine Oe 

een tees dod 1 neohieelt paegeed? of Both Tabled: my 

ord Ye We atl BF one ae (bd TeESONRS eh ie ee has: ih aca a, 

tics Qian? whee as ae weet nas ales b come as 

ok¥ garth: utee® quia wee ede Me ead ty oe aria sat 

Aokdn vot hearth Septal APIOF Neale 


tho te tf smpcn se tat Me rae 


srsomgetd Peete at 


Dim) tori sae mc: | i i 
vaveicet mony oe ak Hy : ane 

nub sols senrit ton caradinicaal at | 

ete Teaccd ‘beni Sipndand her | 

eomttwutls al whoo des sab Sit 


olwetvedos win ,tevayct ‘cos short wtodan tear a — 
16% cite thaw 6 ht jorpdip manieotey Chataimina) ewcostiet tank ea 


a on ot cl moet mT ees 
ate tse 25 47) soci sao Eileen ew ‘tome cea meg yO 
NT “wager oi beeeneeth: a ne “ae ieee. om torso va 


28 


20235 Deep Structure and Geophysical Characteristics 


The lithospheric characteristics of northern Ellesmere Island 
are of particular relevance to this study because any interpretations 
of glacioisostatic adjustments are dependent upon 'normal!' 
lithospheric conditions (cf. Walcott, 1970; England, 1982). These 
general conditions are discerned by crustal thickness, gravity and 


geomagnetic anomalies, and seismicity. 


Trettin (1972) found that most of the Queen Elizabeth Islands 
have an average crustal thickness of ca. 35 km, which is normal. The 
Hazen Plateau near Alert has an estimated crustal thickness of ca. 23 
km (Utsu, 1966) whereas the United States Range has roots ca. 6 km 
deeper (Trettin, 1972). Approximately 100 km eastward, on Hall Land, 
NW Greenland, there is also a normal crustal thickness of 32 km, which 
gradually thins to 18 km beneath the Lincoln Sea (Fig. 1.1; Sobczak 
and Stevens, 1973). Moreover, Niblett and Whitham (1970) also found 
normal levels of heat flow on northern Ellesmere Island, indicating a 


normal lithospheric thickness. 


Bouguer gravity anomalies indicate a major depression (-120 
mgal) centered over the United States Range, and a high (+90 mgal) 
over the N Lincoln Sea where water depths exceed 2000 m (Trettin, 
1972). Trettin (1972) noted that the negative anomalies correlated 
with the high relief of the United States Range and consequently he 
concluded that NE Ellesmere Island was in a state of isostatic 


equilibrium. Furthermore, the trend in the gravity field conforms 
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with the predominant structural trend and does not appear to be 
interrupted by Nares Strait, a prominent submarine rift valley (Kerr, 
1967). <A large geomagnetic anomaly occurs along a narrow zone from 
Alert to Eureka (Alert Geomagnetic Anomaly) and is thought to be 
caused by a long conducting body in the lower crust (Praus et al., 
1971). The anomaly coincides with the axis of the former Hazen Trough 
and may be a relic geosynclinal or orogenic feature (Niblett and 


Whitham, 1970; Trettin, 1972), but its effect on glacioisostasy is not 


known. 


Lastly, although the lithosphere appears 'normal', 
postglacial faulting could also produce anomalies in the 
glacioisostatic record by displacing sea level indicators. Numerous 
faults crosscut the Phanerozoic sediments (Christie, 1964; Trettin, 
1971) and may have been reactivated during glacioisostatic unloading. 
Stein et al., (1979), have estimated that postglacial crustal flexure 
may have attained stresses which were high enough to reactivate 
pre-existing faults in eastern Canada. Contemporary seismicity in 
parts of Arctic Canada has also been attributed to triggering by 
glacioisostatic unloading (e.g. Basham et al., 1977; Wetmiller and 
Forsyth, 1978), however, northern Ellesmere Island is currently 
aseismic (Wetmiller and Forsyth, 1978). Although abundant evidence of 
glacioisostatically-induced faulting occurs in northern Sweden 
(Lundquist and Lagerblck, 1976), and to some extent in southern Canada 
(cf. Adams, 1981), England (1982) has found that postglacial isobases 
are spatially consistent throughout NE Ellesmere Island, particularly 


across Nares Strait rift valley. In conclusion, no clear evidence 
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currently exists for postglacial faulting on northern Ellesmere 
Island, although the possibility cannot be ruled out entirely, 


particularly during rapid deglaciation. 


2.2.6 Summary 


The geology of Clements Markham Inlet is characterized by 
late Proterozoic to late Tertiary deposition of sedimentary rock into 
two successive geosynclinal basins, each terminating with an orogeny 
which deformed the pre-existing rocks. The Inlet lies parallel with 
the general SE-NW structural trend and was the locus of mid-Paleozoic 
tectonism which initiated its formation. Distinct volcanic outcrops 
in the area provide erratics which record former directions of glacier 
flow. Lastly, geophysical studies indicate that the lithosphere and 
crust are 'normal' on northern Ellesmere Island, and imply a 
predictable glacioisostatic response. Postglacial faulting may 
produce an anomalous response, but no evidence of faulting currently 


exists in the Pleistocene deposits of the area. 


2.3 Climate 


Northern Ellesmere Island has a continental climate which 
reaches its extreme degree in the interior, and is only slightly less 
so along the margins of the sea ice covered Arctic Ocean. The area 
can be classified as a polar desert due to its low precipitation and a 
net annual water balance close to zero (Bovis and Barry, 1974). Due 


to its high latitude northern Ellesmere Island remains in total 
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darkness for several months of the year, and hence, winter 
temperatures are severe. Well developed periglacial features are 
common in the area. Englacial temperatures remain well below 0°C 
throughout the year and consequently the glaciers and ice caps display 


polar and subpolar morphologies (cf. Ahlmann, 1948). 


Nonetheless, a striking characteristic of northern Ellesmere 
Island's climate is its high spatial and temporal variability. 
Temperatures vary widely depending on the proximity of the moderating 
ocean waters and the seasonal extent of sea ice cover. For example, 
Alert (ca. 100 km E of Clements Markham Inlet) has a mean annual 
temperature of ees but this coastal site averaged ca. 5°C warmer 
during the 1957-1958 winter than did the inland site at Lake Hazen, 
only 120 km SW of Alert (Fig. 1.1). Conversely, the mean maximum 
Summer temperature for Alert is only O08. whereas it is 10°C at Lake 


Hazen (Meteorological Branch, 1970). 


Annual precipitation also varies from as low as 25 mm on the 
Hazen Plateau (Jackson, 1959) to ca. 170 m at Alert (Bradley and 
England, 1978). The northernmost coastal fringe bordering the Arctic 
Ocean receives greater amounts; on the Ward Hunt ice shelf 178 mm fell 
as rain during the summer of 1954 (Christie, 1954). The mean annual 


snowfall at Alert is 1.2 m (Meteorological Branch, 1970). 


Clements Markham Inlet can be subdivided into four climatic 
zones indicated by the relative amount of permanent snow cover, 


equilibrium line elevations, and glaciation levels. These zones are: 


| vet poy bre sy se ne 
ons: cxicwihnialt logement ied: Seyciovab ash serves 
06: vole sf aa sortdeviengatst inboe tad 
feledit aaso ak bas eritedy silt eivesupaemco Ox Rey oe 
epee cemnamnggia ie eotgaiiirton et 
Agieo rl avedizen Yo oléeim’: yeti. calibers e 4 a4 
wit itieiuey: fesageed ban penern Mid ad Cx 
qnivandbom. add ‘too ltmten aay amo 53 Kore due 
eiiteore Io) .eVvoOo Sc Ger Io ssdx8 Lose 22 or 
Ean -~ apt: eet) CORDAD cha clad ‘tdnemalD, Ae. ‘my ma BOT 
qsurtion O°O Jee begets “oshie Pedmncn ohy oe ati vat 
Hiawett ale 7 le aah be. fivpline: ai: tb mart, swine & Mat 
umiesis. oom, alt ttBaneila whet wat) nl 8 
aed “te O° Ot 22 Hi pa rard| od “s. “o Bh Be iets wr , 
| (OE siete ; 


ie: a | 
oe ‘a. 


eres 


- = 
= ~ in 
- J 


any. 10 io OS eeowod ee sop gan sii ceenttenne ai 
| tne Yorba), yehh 95, ohw inp a0 os eeer seadiank} 
_ohtonh arg ani iene SANT tatNidee ipa ott pie an 
EbSY “taw Ati “Mp so ante aie ie’ irises shiney eavisosy f 


- 


32 


(1) the high-elevation ice caps and glaciers of the Grant Land 
Mountains surrounding the head of the Inlet; (2) the ice-free lowlands 
at the head of the Inlet; (3) the ice-free uplands of the outermost 30 
km of the Inlet; and (4) the zone of low-elevation glaciers, 


snowfields, and ice shelves along the northernmost coast. 


2.3.1 Ice Caps and Glaciers on the Grant Land Mountains 


Most of the land above ca. 1100 m on northern Ellesmere 
Island supports an ice cover (Hattersley-Smith et al., 1969). Because 
the Grant Land Mountains and their ice caps rise above 2000 m a.s.l., 
colder temperatures may be expected there than in adjacent lowland 
areas. South of Clements Markham Inlet, Hattersley-Smith (1960) 
recorded a mean annual temperature of ca. -24°C at 1805 m a.s.l. (cf. 
Alert mean annual temperature; -17.8°C). At the same site snow pit 
Studies indicated an annual accumulation of 12.8 g aula which is ca. 
2.5 times greater than the precipitation recorded at Hazen Camp on the 
N shore of Lake Hazen (Fig. 1.1). However, mean annual precipitation 
similar to the Hazen area was reported at lower elevations on the 
nearby Gilman Glacier (Lotz and Sagar, 1960). Hattersley-Smith (1960) 
estimated a mean annual precipitation of 150 mm above 1400 m a.s.l. on 
an ice cap, and 147 mm was recorded at Alert by the Meteorological 
Branch (1970). Further discussion on the glaciers and ice caps will 


follow in Section 2.3.5. 
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2.3.2 Clements Markham Inlet Lowlands 


The ice-free lowlands at the head of the Inlet are 
characterized by a continental climate despite their coastal location. 
This is due to the combined effects of: summer insolation against the 
Surrounding mountain flanks; the lack of open water within the Inlet 
throughout most summers due to stable sea ice cover; and lastly, the 
occurrence of intermittent chinook conditions that cause strong summer 
ablation (cf. Courtin and Labine, 1977). Nonetheless, cool air 
advected up the Inlet from the Arctic Ocean is common throughout the 
Summer and moderates maximum temperatures. For example, during the 
1980 season (June 16-August 6) the head of Clements Markham Inlet 
experienced a mean maximum temperature of +1.8°C and a mean minimum 
temperature of ~0.5°C. On the other hand, the warmest temperature 
recorded was 13.5°C on July 25 when the head of the Inlet received 
strong chinook winds from Piper Pass (Fig. 1.1). Barry and Jackson 
(1969) also found that chinook conditions contributed to unusually 
high summer temperatures in Tanquary Fiord (80 km to the SW), the 
warmest of all high arctic weather stations (Bradley and England, 


1978). 


2.3.3 Ice-Free Uplands in the Outermost 30 km 


Little is known about the climate of the ice-free uplands on 
the northernmost coast, however, Hattersley-Smith (1969) postulated 


that glaciers were absent because of low precipitation and the lack of 
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large surface areas high enough for snow accumulation. Generally, 
this area can be regarded as a transition zone, too low in elevation 
to be glacierized, but too far inland to be affected by the increase 


in moisture associated with the Arctic Ocean. 


2.3.4 The Northernmost Coast 


The outermost coast of Clements Markham Inlet is 
characterized by low-elevation glaciers, snowfields, landfast sea ice, 
and ice shelves. Advection of cold air, coupled with increased 
precipitation from the Arctic Ocean, causes lower glaciation levels 
and equilibrium line elevations along the northern coast. For 
example, Marshall (1955) reported positive net annual accumulation on 
the surface of the Ward Hunt Ice Shelf during the mid 1950's. An 
important factor that reduces ablation in these areas is the high 
incidence of coastal fog and low stratus cloud. Coastal fog and cloud 
generated by the Arctic Ocean have also been considered responsible 
for reduced ablation and positive mass balance on the ice cap on 
Meighen Island (Paterson, 1969; Alt, 1979). Another factor which 
favours low-elevation glaciers in this area is the accumulation of 
Wind-drifted snow along the outer coastline from the Arctic Ocean sea 


ice. 


2.3.5 Height of Glaciation Level 


An isopleth map of the glaciation levels (isoglacihypes) and 


equilibrium line altitudes for the Canadian High Arctic was drawn by 
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Miller et al., (1973). Several regional papers have already discussed 
the importance of glaciation levels in the Arctic (e.g. Andrews, 1975; 
Andrews and Miller, 1972; Miller et al., 1973) and therefore only a 


brief discussion will follow on the local conditions in Clements 


Markham Inlet. 


Generally, the glaciation limit or the glacihype (GL) is 
thought to represent the long-term balance of winter accumulation and 
Summer ablation modulated by topographic conditions. The limit 
indicates the threshold elevation required to sustain glaciers. 
Mountain summits below the GL are commonly ice-free, whereas summits 
above it support glaciers. The equilibrium line altitude (ELA), on 
the other hand, is the elevation on a glacier where the net annual 
mass balance equals zero, and may not coincide with the GL. Miller et 
al., (1973) proposed that the difference in elevation between the ELA 
and GL is a function of the difference between local topoclimate and 


regional macroclimate respectively. 


Miller et al., (1973) show the broad trend of the GL and the 
ELA at a scale of 1:10°, and as may be expected, the lowest values are 
found along the coastlines and gradually rise toward the interior of 
landmasses as solid precipitation and cloudiness decrease (increasing 
ablation). Due to the sparse data points used by Miller et al., 
(1973; commonly one per 2500 km) , a GL map was constructed 
specifically for the Clements Markham Inlet area (Fig. 2.3). 
Construction followed the 'summit' method described by Andrews and 


Miller (1972). 
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FIGURE 2.3 
GLACIATION LEVEL 


Elevations in meters a.s.l., 
Dashed line represents 
generalized topography, 
E.L.A.'s in brackets 
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The isoglacihypes for the Clements Markham Inlet region show 
a general correspondence with Miller's et al., (1973) map. The lowest 
values (ca. 450 m a.s.1.) occur along the northernmost coast and, from 
there, they increase inland to >1300 m a.s.1. over the central Grant 
Land Mountains. Although the plot presented here was hampered by the 
lack of suitable data points in some areas, significant departures 
from Miller's et al., (1973) map are noted. For example, noticeable 
inflections of the isoglacihypes, which are absent in Milverwetal., 
(1973), occur in each of the major re-entrants along the N coast 
(Markham Fiord, Clements Markham Inlet, and James Ross Bay). 
Furthermore, there is a depression of the GL centered over the head of 
Clements Markham Inlet. Decreasing values also occur on the S flank 
of the Grant Land Mountains (Fig. 2.3) which may indicate the effect 


of orographic, precipitation in this area. 


On the other hand, the reduction in the height of the GL in 
the major re-entrants is probably due to local topographic funnelling 
of moisture-bearing winds from the sea. Moreover, extensive low-lying 
areas, open to the sea, are subject to increased winter snow 
accumulation by wind drifting, and to decreased summer ablation due to 
coastal fogs. During the summers of 1979, 1980 and 1981, fog would 
commonly blow into Clements Markham Inlet, especially later in the 


season (August) when sea ice cover was most reduced. 


As GL's are partially a function of topographic controls, 
isopleths of maximum elevation per 10 km@ were also plotted in Figure 


2.3. A rough correspondence between the GL surface and elevation 
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seems to bear this out. The height of the GL in relation to local 
topography may be an important indication of the susceptability of an 
area to glacierization. Much of the outermost ice-free 30 km in the 
Clements Markham Inlet area is ca. 150 m below the GL. Nevertheless, 
it is important to note that the GL is time-transgressive and may not 
be in phase with the current climate (Miller et al., 1973). For 
example, a number of ice bodies in the outermost ice-free zone appear 
to be remnant glacier snouts. These ice bodies are generally found on 
valley floors immediately downvalley from vacant cirques. Hence, if 
these features originated from upvalley cirque glaciers, the former 
glaciers must have ablated within the cirques while their snouts 
Survived in sheltered locations at lower elevations, perhaps with the 
benefit of snowdrifting and protecting fogs. Although these ice 
bodies probably could not have formed at their present locations, they 
are likely in quasi-equilibrium with the current environment and 
affect the pattern of the GL surface by lowering it. Furthermore, 
response lags of present glaciers will also make the GL surface 
deviate from present climatic conditions. For example, recent 
thinning of the ice caps in this area has led some workers to believe 
they are not in equilibrium with the present environment and are in a 
State of adjustment. However, the snouts of main outlet glaciers have 


remained stationary in recent times (Smith, 1961). 


A number of ELA's given in Figure 2.3 were estimated using 
an accumulation area ratio of 0.65 or by the contour inflection method 
(Andrews, 1975). The values obtained agree with those presented by 


Miller et al., (1973) which are ca. 300 m a.s.l. over the northernmost 
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coast and rise to ca. 1220 m a.s.l. in the Grant Land Mountains. The 
values estimated by the above methods give only long-term ELA trends. 
For example, although Hattersley-Smith (1960) measured the ELA on the 
Gilman Glacier near 1220 m a.s.1., which is in agreement with the 
above estimates, Marshall (1955) measured positive mass balance on the 
Ward Hunt Ice Shelf, which would mean the ELA was near sea level in 
those years and not at 300 m a.s.l. as indicated in Figure 2.3. 
Bradley and England (1978) reported that after 1963 the height of the 
July freezing level and ELA's in the High Arctic fell by 250-540 m. 
Furthermore, this study has shown that there must have been at least 
an equal, long-term depression of ELA's and GL's in Clements Markham 
Inlet during the last glaciation because the currently ice-free 


cirques at the outer coast were occupied at this time (Ch. IV). 


2.3.6 Summary 


The climate of Clements Markham Inlet can be characterized as 
cold, arid, and continental, although variability occurs depending on 
elevation and proximity to the Arctic Ocean. Cold polar conditions, 
with essentially no summer melting, prevail on the interior ice caps 
of the Grant Land Mountains, whereas a dry ice-free zone is found at 
the head of the Inlet where substantial ablation occurs. Conversely, 
the sea modulates temperature extremes at coastal sites which also 
receive more precipitation and wind-drifting. Moreover, less melting 
also occurs at these sites due to increased summer fog. The 
effectiveness of ablation in each of these zones appears to be the 


primary control for the trends in GL and ELA (Fig. 2.3), although 
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Chapter III 


Methodology and Theory of Glaciomarine Stratigraphy 


3.1 Introduction 


The purpose of this chapter is twofold: to describe the 
field techniques used; and to review the geological and 
geomorphological features used for paleoenvironmental reconstructions 
in Clements Markham Inlet. The latter part includes a general facies 
model of glaciomarine sedimentation in order that basic stratigraphic 


interpretations may be made. 


This study was concerned in part with reconstructing the sea 
level history in Clements Markham Inlet by tracing and dating former 
Water planes. The former water planes (strandlines) are represented 
by beaches and delta terraces which occur at various elevations up to 
the maximum height of the marine immdation (marine limit). In 
reviewing the previous field work on northern Ellesmere Island 
(section 1.4) the relationship between glaciated coastlines and the 
history of relative sea level was introduced. Where former ice 
margins contacted the sea, marine transgression behind the margins 
could only occur following glacial retreat. Hence, the initial entry 
of the sea directly records the late glacial history of that site. 
Moreover, determining the history of postglacial transgressions and 


the nature of a landscape's subsequent emergence sheds light on the 
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style of glacial recession and isostatic unloading. 


B.ulelerStrandlines 


Geologically, the formation of individual strandlines 
represents a short period of time, assuming normal postglacial 
emergence. Andrews (1970) noted that on average their formation takes 
from 50 to 300 years in the eastern Canadian Arctic. Elson (1967) 
found a mean age of 80 years for the development of strandlines on 
Glacial Lake Agassiz. Hence, on a time scale of several thousands of 


years, strandlines such as these provide good chronological markers. 


An important consideration is the actual cause of strandline 
development. Generally strandlines originate when land and sea are 
Stationary relative to one another. Nevertheless, once isostatic 
uplift is initiated it is normally monotonic, such that unless sea 
level is also rising rapidly, other causes for distinct strandline 
formation must be invoked. Several workers in Arctic areas have found 
that strandlines are usually associated with glacial stillstands 
(Léken, 1962; Sissons, 1963, 1967; Andrews, 1970). The evidence 
commonly cited is the termination of strandlines at moraines (cf. 
Andrews, 1970). In this respect the formation of certain strandlines 
is analogous to the formation of fluvial outwash terraces (valley 
trains) in more temperate environments. These terraces are normally 
considered to be the result of climatically-induced glacial advances, 
coupled with increased proglacial sedimentation. However, increasing 


evidence from polar desert environments, particularly Antarctica, 
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Suggests that significant proglacial sedimentation can only occur 
during glacial retreat, not advance (Rains et al., 1981). 
Furthermore, in the Canadian High Arctic, Bradley and England (1978) 
have shown that increased snowfall is essential for major glacial 
advances and, given the aridity of this environment, it is doubtful 
that such an advance could also be simultaneously coupled with 
increased runoff. Moreover, during the last glaciation on NE 
Ellesmere Island, England (1983) found that little sedimentation 
occurred in the full glacial sea during a long interval of a stable 
ice load, whereas during initial unloading (deglaciation) abundant 


sediments prograded into the sea. 


Nevertheless, if a strandline forms due to a glacial 
response, be it an advance, a stationary position, or a subsequent 
retreat; the strandline becomes an important chronological marker. 
For example, if a strandline can be dated (by means of marine shells, 
driftwood, whale bones, etc...) and then traced to a given moraine, 
that moraine will be approximately contemporaneous with the 
Strandline. Furthermore, in many arctic areas strandlines that mark 
the marine limit and terminate at an ice margin (i.e., an ice-contact 
delta) correspond with initial emergence, and hence, deglaciation of 
that particular site (Andrews, 1968). In addition, the elevation of 
the marine limit will also give some indication of the former ice load 


(assuming glacioisostatic equilibrium). 
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Sitalsla-Marinesliaimics 


To reiterate, the marine limit marks the "highest level 
‘reached by the sea on glacioisostatically depressed coasts" (Andrews, 
1975, p- 181). In Clements Markham Inlet two types of marine limit 
were identified based on their areal extent and SET RIGS) Theafinst 
is the regional marine limit which marks the highest level attained by 
the sea along the whole Inlet. However, this overall marine limit did 
not register in many parts of the Inlet because of glaciers occupying 
the land which excluded the highest sea level stand (e.g. in valley 
mouths). For this reason a local marine limit was recognized in each 
of these areas which is lower and younger than the regional marine 


limit. 


Several geomorphological criteria have been used to identify 
the marine limit in the field. These are: (1) the highest 
glaciomarine delta; (2) the uppermost beach ridge or beach shingle; 
(3) the highest occurrence of marine fossils or driftwood; (4) the 
uppermost wave-cut bench or notch; and (5) the lower limit of 
unaltered glacial debris, such as perched boulders, representing a 
washing limit. Of course, subsequent, lower water planes can also be 


identified with a number of the above criteria. 


Zuleae-Peripheral Depression 


As noted in the previous section ice-contact deltas often 
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form during deglaciation and mark the marine limit. However, 
Significant depression of the land also occurs beyond the margin of an 
ice sheet because the lithosphere is rigid. Such a peripheral 
depression has already been described in the ice-free corridor between 
NE Ellesmere Island and NW Greenland during the last glaciation 
(England, 1976a, 1981), and it also has been described or inferred in 
other arctic areas such as Baffin Island (Dyke, 1979) and Banks Island 
(Vincent, 1980). In such peripheral depressions (which may be up to 
240 km wide; Dyke, 1979), the marine limit may not necessarily record 
deglaciation of the immediate area, but rather the sea level history 
may be more complex. Because the peripheral depression remained 
ice-free, the crustal loading, which was caused by the growth of the 
ice sheets to their limits, should be recorded in the peripheral zone 
by transgressive sediments. Furthermore, if isostatic equilibrium was 
achieved during that glaciation, the marine limit sea level would be 
maintained for a considerable length of time so that associated 
fossiliferous sediments would provide a wide range of ages. During 
glacial loading the transgression to the marine limit in the 
peripheral depression occurs at a much slower rate than it does inside 
the ice limit following glacial retreat. Consequently, transgressive 
littoral deposits, which are absent due to rapid inundation inside the 
ice limit, may be present in the zone of peripheral depression. 
However, there is the problem that sedimentation rates are likely to 
be very low in the arid, unglaciated areas of the peripheral 
depression (England, 1982). With such minimal sedimentation 
Significant progradation may not occur, leaving a poor stratigraphic 


record of the initial transgression. In addition, the peripheral 
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depression should also provide the total record of emergence initiated 
by the first thinning of the ice (cf. England, 1983). That is, it 
Should provide not only the rebound since glacial recession, but.also 
the "restrained" rebound component which occurs when the ice sheet 


initially thins before actual retreat occurs (cf. Andrews, 1970). 


Lastly, geophysical modelling suggests that the bending of 
the lithosphere produces a 'forebulge' which lies along the edge of 
the peripheral depression (Walcott, 1970; Clark, et al., 1978). The 
forebulge is due to positive displacement of the lithosphere and is 
characterized by low postglacial emergence, or even submergence, as it 
collapses upon deglaciation. Understandably, coastlines in the 
vicinity of the forebulge would exhibit a more complex sea level 


history than those described above. 


3.1.3 Relative Sea Level Curve 


The primary method of depicting the sea level history at a 
particular site is by plotting a time/elevation graph known as the 
relative sea level curve. Inside the last ice limit, many researchers 
have shown that glacioisostatic emergence or uplift has a predictable 
logarithmic response to unloading (cf. Andrews, 1968; Walcott, 1970). 
In such cases 'emergence' curves are drawn during which initial 
emergence is very rapid (3-10 m/yrs.) but quickly decelerates towards 
the present (Andrews, 1968, 1970; Blake, 1975). Because this 
postglacial emergence represents a monotonic response through time, 


the construction of emergence curves has been used to provide ages for 


begsccint sermegsnie De) trtiowelt fetes adt obhveny opts. 2 Ls * 

Ah: Gh SRE: CORE: bandas eh Ok want ¥ : + Jeakd ’ 

dete tud .gokeesass iptosig norte camoMin et ele gon, SBE % 4 

fours sot uid win arene idl SRenonmoD kensote " | 

wi G2? aa. Ae) Seon ae: Lauise wroted ened, Lis 

lo mithaed sé, tert agmapauit’ BALL ebony cot, Bim 

To apbe oi! gonia ae) doidy: feel! a spauborg:: ey 
aqt (800! de to ai RD) pOTR): eee. passat tes hi 

2i bre evrerigawitit eel “ts insmemetanah oNitZeoy 2 sud 2k ” 

12. Gi, DOTS ONNING, NOWRA pees Sem fabhedyding wol ¥ a3 iy 

od? oi asndivesoe yidebnada aha. miiacon teen ve senansen™ 


‘a 
bevnd use. xoteade! sae aed re calucnret att Yo gtintaty ip 


{ 


panics wads tl 

ats yioteht level ese pay apis Bie vette nant Ot in arte 
May is ACO Sars coxsevatieanne ®: lat tal Th af oite melvotteg 
fipdormsas yiuent jt@nE er) taus aad sptent evap Seve: 698 evitelet 
Sitedesbon, 2 esl gitop i> seiee ten obtedunatodonty: gad mgiie ‘ome! 
(ONG? ttocteld (BORt avitbal\ ee) gnknentey of, exaeqeen —e ‘ 

tarsiok date arin snes 24s avKy tgonsepreten?. haze: dove al 

shtewot aslataleosh ybitiup gud) Lea OfH8) bige'. yey ek Sony Rae 
ely sauce eee oeNets CTR! Beer HERTHA) Andean ads | 

SHIT cguowe soKECKE oIROONAN & etmeBeIaeT sombeteMs Jetnelasaag 8 oy oii: 
TOL eyo shivotg of beau agp! Aa gavage <nmepreme "lo apiitounideand att ? a 


‘47 


intervening emergent shorelines where datable material is lacking. 
Moreover, Andrews (1968) showed that 'predicted' emergence curves 
could be derived from only a single sea level erate given its age and 
elevation. Such curves could, in turn, be used to estimate the age of 
any other undated sea level indicators in the area, including the 
marine limit. However, the widespread usefulness of such predicted 
emergence curves appears questionable given the greater variability of 
sea level history recently shown in Boothia Peninsula (Dyke, 1979) and 


NE Ellesmere Island (England, 1983). 
3.1.3.1 Relative Sea Level Curve Construction 


Constructing any relative sea level curve involves proper 
identification of the sea level indicators, accurate measurement of 


their elevation, and correctly dating then. 


Identification of former water planes based on morphostrati- 
graphic grounds is a problem encountered in the field. On some of the 
Shoreline features mentioned in section 3.1.1 one cannot pinpoint a 
former sea level and therefore the selected elevation can be somewhat 
Subjective. It is important to bracket sea level accurately. For 
example, it used to be common to place sea level right at, or 
Somewhere above, a given shell sample elevation. However, it is 
apparent that marine bivalves could have lived anywhere from the 
intertidal zone to 165 m below sea level (i.e. the species range for 
Hiatella arctica and Mya truncata (Wagner, 1969)). This stratigraphic 


problem is well illustrated by the anomalously steep emergence curves 


gertisel ei tetas ofdedat wt a 

ae hae aie ovine ‘inaananory” ‘dad! Soviet airs 

brie aae wud sii ‘ule Lowel, Cee ogra Glow mortt & 
fo eke ei? avanitdes oF beet Oe eee et ohne were ‘dene , 
sit antbotont eee sy ma eNodieattinl Looe oot on zi 
hersiber. dote to pepaihteda : beevoaabtw ont cbyowalh a : 
fo WY RLidceW Heaney AE “piano tasty erebqte sv 
ts LEVEL ney) eloredee? seasaot: ch tae adiatrtl 
CBN ett odin | 


nobsedognaed swakd: f 


tage: wavioval sve fevet | wie pvidatn ns | 

Io Jumiswweeam sdenuvse Pibdesahat’ faust” pe ett | | 
rats gttdst wlioerties: bie hy) nm 

-lieiemiqicn no beksd eonetq “(9 $81 aero ty Fae SE 
dio shiek WO UBS RY ath ink sobre roLovey b> oaamiaee 
a) Silogezd: conmes (S60 Patt HoLJO3s Al berks eenadasi eas Loved 
yah eet tees note te bactvekae eld skit ie wt tie, aaiarsnie 
soa site tsqwReS Sayed nse Aajiper ad ‘aneooape a vevtivotdee 

"oO ,de diein davel: aa) eons OF Race ot ey: hawt ie elquaxe i 

an dk -vexsilel Ao Lape: ‘aimee ede caviar’ ie aes eroromoe 

on wovy a volets. bevit aved Dinos SeVieNte sovltein Jed snetaqge 

qk sya astoeg? sty so6n) fever ae cola a mh OT OF al ‘Sgt tested 
ikiqeretiatte ated .CCRRET range) eaygnast eye bri) oxiatiy pt angede 
gevrwe COMPRS TIS qgeze  Wkeie Letaneins wk yd vemerdelti ihow et aahdong 


x 


a 


4 


48 


of Hattersley-Smith and Long (1966), and Lyons and Mielke (1973), and 
discussed by England (1976a). 


A better method of pinpointing former sea levels is based on 
dating specific delta terraces. In such cases the Stratigraphic 
interpretation is critical, depending upon where the datable material 
was collected. Ideally, a sample can be obtained from Gilbert-type 
foreset beds which can be traced upwards to contemporaneous topset 
beds. This point of intersection is commonly interpreted as the mean 
elevation of local sea level at that time. Nevertheless, the 
Stratigraphy of the delta is not always straightforward because well 
developed topset, foreset, and bottomset sequences may be absent, 
making sea level interpretations difficult. Moreover, it is common to 
take the outermost edge of a delta terrace as the sea level to which 
progradation occurred, however, subsequent backwasting of the scarp 
can give erroneously high estimates. The delta lip is also usually 
graded to low tide, whereas the measuring datum is usually high tide. 
Furthermore, wave erosion or fluvial abrasion may cut into 
pre-existing marine deposits and the resulting dates will relate to 
higher and older sea levels. Solifluction terraces, fluvial terraces, 
or kame terraces may also be misinterpreted as marine delta terraces. 
In summary, a large delta system may exhibit all of the above factors 
such that considerable stratigraphic work must be done before datable 
samples can be obtained and related to specific former sea levels. 
The general model of glaciomarine facies described in section 3.2 


further aids such interpretations. 
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Driftwood embedded in beach gravels also provides reliable 
control points in the construction of an emergence curve (cf. Blake, 
1975). However, several factors may introduce errors. For example, 
driftwood can always be redeposited fram its original point of 
Stranding to lower elevations, particularly where beach-forming 
processes are weak. Conversely, errors may also be introduced when 
Sea ice pushed ridges or storm beaches deposit driftwood several 
meters above mean high tide. In addition to the positioning errors, 
the radiometric age of the wood can also be older than the sea level 
involved, depending on its history of residence in the sea. However, 
this is probably not a major problem because the mean residence time 
of driftwood in the Arctic ocean is generally 5-20 years (H&ggblom, 
1982; Stewart and England, 1983). 


Once a sea level indicator is identified it is necessary to 
measure it accurately relative to present sea level. Generally an 
altimeter is used for reconnaissance work, however, because altimeter 
readings are pressure and temperature dependent, the accuracy of any 
given measurement is often limited to 5% in elevation. However, when 
multiple readings can be made during periods of stable atmospheric 
pressure (common in the High Arctic) the error in the altimetry is 
often much less than 5% when checked with levelled elevations. 
Nonetheless, a surveying level provides the most confident results 
with an accuracy of ca. 1% error on transects of >1 km. A second 
source of error occurs in the choice of a common datum from which to 
measure. Generally mean high tide is used, but sea ice pushed ridges 


or land fast sea ice may interfere with determining its exact 


efdatien vii oule: stows sca fk bobbed 
Seta to) wd seneaaaMe . $0. achtoureieane ead abies 
pingene WH exoiie ciubyarnaind (ya enna oprtove: os 
Fo ero fan tgine: shh moe? ‘settuonster od font 8 

isi thoy atioaeag srvett. vf neat aR aretiavele Aewod 
por bersapwsns oe edie Yen. Soya viostemaed + Casa 
foqever boow Sia. daeoyeh-natweed reeds Ky sagbls 
emote micoltieaq ay) oF ely hls a Std cy : | 
fever gee sch cned Yebio eG) quae cigs: a etht b aya o i 
“SvewoH ase ert mb Someibeen 20: Me a eth te st tere 
GRR | GPS LIO'T WORE ans oahered ro Mo bath a Jon. eleitore e3 et 
JoidayPH) etsy OSE Utpranaas ht ai cw na A 


et | 


ne yliorvormsd foveal eas seedy ot eitansey 
idee. io seomoed: “siewen> Hate soreneasineootn 4g, Pies wh nasa | 
ude to yoatwoos any thebdeget! dide-reqdig bug otek om egiithes 


ee 


lavie Quant pobseveround re ot pgothankt ce hy mt snes sig 


atwotiqecaits sldsse lo anon ey gab Shem I 1S cgalitee etgta toa — 


es vitemi2tic oda at Or tis (ottond rte sete nk ncaa sruero7 ~ 
enohievets Sollsvel- HN Se sab hata ech tis rt Obits, tome cago 

ntivact dreisktago dram qld Bohivesy Levert evn 8 “ ssetedteant > 

Sonoet A mt 1 bo RuetineAy fo: “tO Me *) <a to _yreeon aoe | 


of dolmw moti witeh wotiewe o to debe sim erwodto TO 20 aowoe 
eaghin weretig oot sem aut.,basu Ab whee yin THY eerie ad 
tnexs ef goretanegel Abin ereiesai qa aot 88g. ape ona aS) 


50 


location. Hence, when open water is unavailable, the datum must be 
the surface of the sea ice, which is actually above sea level due to 
the freeboard. Nonetheless, because the tidal range in Clements 


Markham Inlet is ca. 30 om, the error due to tides is likely to be no 


more than ca. 1 m. 


The final factor for obtaining a reliable sea level curve 
concerns the actual radiocarbon dates on the samples. Although well 
preserved samples, with little chance of contamination, are sought 
they are often not possible to obtain in the field. Furthermore, a 
problem over which the field worker has little control is the 
"laboratory dating error' on a given sample. For example, radiocarbon 
dates always have a standard error which is usually in the order of a 
few hundred years for a sample of early Holocene age. Although this 
imprecision can be graphically portrayed for each sample, this age 


range must always remain a source eof imprecision. 


In summary, it is evident that delimiting former sea levels 
and obtaining datable materials can be problematic. Therefore, 
several lines of evidence are required to pinpoint a former sea level. 
Moreover, because postglacial relative sea level curves show rapid 
emergence following deglaciation it is apparent that higher relative 
sea levels formed during the early period must be accurately dated, 
whereas, lower relative sea levels must be pinpointed in elevation (as 
emergence is less rapid). It is therefore important to date a marine 
limit as accurately as possible, otherwise large temporal errors would 


be introduced when projecting an emergence curve back in time from 
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dated, lower relative sea levels (cf. Andrews, 1970). 


3.1.4 Equidistant Diagram 


Equidistant diagrams provide a second method of depicting 
former sea levels, but on a regional, versus a local scale. In this 
case the elevations of different strandlines are plotted against 
distance so that their spatial distribution may be compared. By this 
method individual strandline remnants within Clements Markham Inlet 
may be correlated. Normally, it is rare for any shoreline to be 
traced for more than 1-2 km, hence the equidistant diagram contains 
isolated remnants of former water planes which are connected on the 
basis of their common age. The remnant shorelines are best correlated 
through the use of site-specific, radiocarbon dated, relative sea 
level curves. However, because curves are not available for all 
Sites, a less reliable method of 'fitting' water planes to clusters of 
points can be employed. In a fiord situation the least Squares method 
has been commonly used (cf. Andrews, 1970). Of course, any fitting of 
waterplanes, assumes that emergence was continuous and predictable and 
that postglacial faulting did not differentially displace sea level 


indicators (see Chapter II). 


Equidistant diagrams should be oriented orthogonally to the 
pattern of the isobases (to be discussed in the next section). 
However, if the pattern is not initially known, as in Clements Markham 
Inlet, the orientation of the abscissa must be adjusted so that 


minimum variance between strandline features occurs (Andrews, 1970). 
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Once the proper orientation of the diagram is established, its 
contribution to analyzing crustal deformation and the pattern of 
isobases is significant. Equidistant diagrams may also indicate 
whether or not a particular strandline is incised into the face of an 


older marine deposit (e.g., a regraded delta terrace). 


Nonetheless, Andrews (1970) has pointed out several problems 
pertaining to the use of equidistant diagrams. The first is: what is 
the actual shape of the former strandline, tilted or warped? Although 
Broecker (1966) has suggested an exponential warping based on 
geophysical parameters, on a scale of ca. 100 km the curvature is so 
small that is is probably not unrealistic to assume a rectilinear form 
given the observational errors in the field. A second problem 
involves the circular input required in regression analysis because 
only those points assumed to fall on a particular water plane are 
used. This problem was not encountered in this study because the 
Strandlines were fitted by age and not by regression. A third problem 
discussed by Andrews (1970) is that the orientation of the projection 
plane is dependent on the spatial distribution of the points 


themselves (i.e. points usually parallel a coastline). 


3.1.5 Isobases 


Isobases are isopleths which join points of similar emergence 
over the same period of time. The derived emergence curves and 
equidistant diagrams portray the pattern of shoreline displacement 


upon which the isobases are drawn. These, in turn, serve to spatially 
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integrate differential emergence over a larger area thereby indicating 


areas of maximum uplift. 


In the case of Clements Markham Inlet, and the northern coast 
of Ellesmere Island in general, it is reasonable to assume that the 
isobase pattern should reflect a dominant ice load in the Grant Land 
Mountains to the SW. Furthermore, because Clements Markham Inlet is 
greater than 200 km beyond the limits of the present Greenland Ice 
Sheet, this pattern should be independent of the load imposed by the 
Greenland Ice Sheet which has strongly influenced NE Ellesmere Island, 
SW of the Grant Land Mountains (England, 1976a, 1982). It therefore 
follows that the timing of initial emergence on the northernmost coast 
should be entirely controlled by the history of the local Ellesmere 
Island ice load, and not by the Greenland Ice Sheet which was close 
enough to control the initiation of emergence on NE Ellesmere Island 


(England, 1976a, 1983). 


3.1.6 Glacier Profiles 


In order to document the ice loads responsible for the 
glacioisostatic adjustments in Clements Markham Inlet, field work 
also involved delimiting former ice margins. The objective was to 
connect former glacier profiles in the Inlet to discrete periods of 


glacioisostatic adjustments. 


In addition to identifying end moraines, three other sources 


of evidence can be used to reconstruct glacier margins. First, 
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because subpolar glaciers have englacial temperatures well below Ore) 
they have well developed marginal and Submarginal drainage systems. 
Such meltwater channels found along valley sides indicate stillstands 
of the glacier formerly occupying the valley. This method was used 
successfully to produce a pattern of ice retreat in Clements Markham 
Inlet (see Chapter IV). The second method uses the distribution of 
erratics to delimit the former extent of ice. However, due to the 
lack of distinct erratics in Clements Markham Inlet, this was limited 
to only a few isolated cases (discussed in Chapter IV). A further 
complication, which also pertains to the first method, is that no age 
differentiation is apparent between one or more glacial advances. The 
third method attempts to overcome this temporal constraint by defining 
various weathering zones within the Inlet. Presumably each successive 
glaciation rejuvenates the landscape such that the least subaerially 
weathered surface represents the most recent glaciation, whereas the 
most weathered surface indicates the longest interval of subaerial - 
exposure, hence the oldest glaciation. Moreover, some of the most 
weathered surfaces on NE Ellesmere Island do not show any evidence of 
ever having been glaciated (England et al., 1981). However, no 
rejuvenation may occur if the ice was cold-based, except that 


meltwater channels would be cut (cf. Dyke, 1983). 


Unfortunately, most observations on relative surface 
weathering in Clements Markham Inlet have not indicated any obvious 
weathering breaks, other than a few restricted cases (see Chapter IV). 
Sedimentary rocks do not present any practical measure of weathering 


(Birkeland, pers. comm., 1980), and if differential weathering was not 
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obvious in the field, little is gained from time-consuming transects 
in order to find a difference (Dyke, pers. comm., 1980). Nevertheless 
the fluvial landscape which occurs on the outer coast of Clements 
Markham Inlet may indicate a long interval since deglaciation. 
Furthermore, England et al., (1981) identified three distinct 
weathering zones along western Kennedy Channel, NE Ellesmere Island 


which they attributed to multiple glaciations. 
3.2 Glaciomarine Sedimentation in an Arctic Fiord Basin 


3.2.1 Introduction 


This section outlines the possible factors affecting 
glaciomarine sedimentary sequences in a High Arctic fiord basin during 
a Single glacial cycle of ice advance and retreat. This model is used 
to anticipate the kinds of stratigraphic sequences which may be found 


along the coastline of Clements Markham Inlet. 


In order to understand the character and sequence of the 
sedimentary facies to be found, the main controls must be determined. 
Two main controls are identified. The first control is the type and 
volume of sediment supplied to the coastline. When considering a 
glacial cycle the majority of the sediment input would be glacigenic, 
and therefore, it would depend on not only the type of material 
available for glacial erosion and transport, but also the character 
and extent of the sediment-supplying glaciers. The proximity of the 


glaciers to the sea would, in turn, control the mode of deposition of 
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that material. For example, if the ice margin is inland from the 
coast, its sediment could reach the Inlet only by fluvial or eolian 
transport, whereas, if the glacier is grounded below sea level its 
sediments could be deposited directly into the water. The second 
major control on the facies sequences would be the relative movements 
of the land and sea. The rates and amplitudes of these fluctuations, 
coupled with their interaction with sediment input during the glacial 
cycle, will have important effects on the Stratigraphy and 
Sedimentology. In addition, the character of postglacial eustatic and 
isostatic movements will not only determine the facies, but also the 
amount of sediment which will be exposed above present sea level. 

Only the sediments exposed above present sea level can be easily 
Studied by the field worker. These sediments, in turn, may be 
discontinuous and may contain numerous unconformities. An examination 
of the interaction between the two meres and how they may result in 


various stratigraphic sequences will be attempted here. 
362 )2 Sediment Control-Glaciomarine Sedimentation 


As noted above, the type of sediment input and mode of 
deposition at the fiord head interacts with the relative movements of 
land and sea which will determine the stratigraphy. Because the major 
Sediment input in Clements Markham Inlet was from former glaciers in 
contact with the sea, emphasis is placed on glaciomarine 


sedimentation. 


Several authors have developed models of glaciomarine 
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sedimentation. These models fall into two general categories: those 
concerned with large scale conditions beneath Antarctic ice shelves 
(e.g. Cary and Ahmad, 1961; Reading and Walker, 1966; Drewry and 
Cooper, 1981); and secondly, those concerned with fiord glaciers in 
the Northern Hemisphere (e.g. Boulton, unpubl.; Nelson, 1978, 1981; 
Powell, 1981). The former models recognize three major depositional 
zones: an ice-contact zone below and adjacent to a grounded glacier; 
a floating ice shelf zone; and lastly, an iceberg zone. Differential 
deposition between cold and warm-based ice conditions is also 
discussed. On the other hand, the latter fiord models involve a 
smaller scale and temperate ice conditions. For example, the model 


proposed by Nelson (1978, 1981) for eastern Baffin Island is based in 


part on Boulton's (unpubl.) model based on Spitsbergen fiord glaciers. 


These glaciers have extremely high sedimentation rates and no ice 
shelves. Powell's (1981) model is also based on very active maritime 
glaciers on the Alaskan coast. Although the glaciers on northern 
Ellesmere Island are subpolar and may be associated with ice shelves, 
it is thought that the model proposed by Nelson (1978) may be 
generally applicable to the glaciomarine facies within Clements 
Markham Inlet. However, it is apparent that the sedimentation rates 


for subpolar glaciers would be much lower. 


Nelson (1978) recognized three depositional zones that grade 
from one another with increasing distance from the ice margin. The 
zone adjacent to the ice margin is termed the Proximal Glaciomarine 
Zone and is characterized by very high sedimentation rates and 


actively calving ice. The Proximal Zone is further subdivided into 
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the inner and outer subzones. The inner-proximal subzone is 
characterized by both tills and fan deposits. Where the ice is 
grounded, normal terrestrial lodgement and meltout tills are 
deposited. Adjacent to the margin, ice-contact fans of moderately, to 
well sorted sands and gravels are deposited from issuing meltwater, 
particularly near the sides of the fiord. These fans may be submarine 
or partially above sea level along the sides of the fiord. With time 
the fans may coalesce to form gravelly bars. Moreover, the fans can 
be interbedded with poorly sorted, subaqueous flow tills (cf. Evenson 
et al., 1976), or other material rolling and slumping down the fans. 
The characteristic sedimentary sequences in the inner-proximal subzone 
would be cyclic deposits of all grain sizes which would be impossible 


to correlate, even over short distances. 


The civebaaHoHinen subzone is characterized by massive 
deposits of silts and fine sands with relatively few clasts. High 
current velocities carry most of the silt and clay away from the ice 
margin to this zone. However, icebergs are generally carried beyond 
the outer-proximal subzone before they begin to deposit their debris. 
Nonetheless, shoals may ground some icebergs, and consequently, they 
may become mantled by iceberg-derived diamictons. The icebergs may 
also scour and deform the underlying sediments. The outer-proximal 
subzone is also subject to turbidites and strong currents originating 
from the inner-proximal zone which winnow, channel, and grade the 
deposits. Generally, microfauna are very sparse in this zone because 


of high sedimentation rates and fast-changing environments. 
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The Intermediate Zone is distal to the Proximal Zone and 
occurs approximately 1-2 km from the ice margin. This zone is 
characterized by diamicton deposition from melting icebergs and by the 
Settling out from suspension of fine silts and clays. Distal 
turbidite deposits are also found in this zone, but unstratified to 
poorly-stratified mixtures of all grain sizes are also common. 
Generally this. zone contains more uniform sediment bodies with more 
gradation between contacts, and microfauna are common but not 


abundant. 


Lastly, the Distal Zone, beginning 4-6 km from the ice 
margin, is characterized by massive, shelf type, sandy silts and clays 
of uniform composition and thickness. However, occasional clasts may 
still be found from ice rafting. In Spitsbergen, the sedimentation 
rate is approximately 1000 times less in the Distal Zone than it is in 


the Proximal Zone, and consequently microfauna are abundant. 


A glaciomarine model such as that of Nelson (1978), 
effectively describes the possible sequences of facies found in a 
glaciomarine environment. However, such a model is essentially static 
and does not describe the sedimentary sequence as a fiord glacier 
advances or retreats, or as sea level lowers or rises. Do the 
depositional zones merely migrate down or up the fiord as the glacier 
advances or retreats, or is the process more complicated? In order to 
have a better understanding of this, the related glacioisostatic and 
eustatic fluctuations which balance the input of glaciomarine 


sedimentation must be considered. 
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3.2.3 Eustatic and Glacioisostatic Control 


Clark et al., (1978) estimated the magnitude and character of 
eustatic and isostatic movements which occurred in Arctic areas 
following deglaciation at ca. 16 ka BP. Clements Markham Inlet may 
fall into two possible zones proposed by Clark et al., (1978). The 
existence of these zones depends on the extent of the last glaciation 
and hence the magnitude of the ice load which depressed this area. If 
the last glaciation extended well out into Clements Markham Inlet, the 
fiord head would fall into Zone I. Zone I is characterized by 
continuous and ongoing postglacial emergence because glacioisostatic 
unloading exceeded the postglacial sea level rise. If the last 
glaciation did not inundate the fiord, the fiord would fall into the 
Zone I/II transition. This zone is characterized by initial 
postglacial emergence, followed by submergence caused by the collapse 
of the forebulge. Although, this geophysical model (Clark et al., 
1978) is theoretical and based on the instantaneous uniform melting of 
the ice sheet, it does give an approximation of the types of responses 
which will likely occur given different glacial histories. The 
results of this model are also paralleled by recent geophysical 
solutions for different glacial histories in Atlantic Canada (i.e. 
Quinlan and Beaumont, 1981). It is concluded here that the relative 
movements of land and sea will depend on the extent of ice during the 
last glaciation and this, in turn, will dictate the depositional 


sequence. 
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3.2.4 Analysis of the Stratigraphic Sequences 


As noted, facies changes are largely controlled by the 
relative movements of land and sea coupled with the influx of 
sediment. Several workers have investigated these relationships by 
looking at onlap-offlap sequences found in older sediments, especially 
the Cretaceous marine transgressions in the interior of North America 
(e.g. Lane, 1963; Curray, 1964; Franks, 1980). Andrews (1978) 
Suggests that, although the origins of these transgressions and 
regressions is different, these basic stratigraphic models can be 
applied to glacially-induced, Arctic sea level fluctuations. Such an 


application will be attempted here. 


Curray (1964) sought to classify ancient marine 
transgressions and regressions by analyzing the balance between 
sediment input versus sea level rise or fall. His model (Fig. 3.1) 
illustrates the possible conditions leading to transgressions and 
regressions, and is adapted here in order to describe the different 
Sediments that may accompany sea level changes caused by a glacial 


cycle. 


Table 3.1 indicates the possible sequence which Curray (1964) 
classifications may follow during a glacial cycle. In this case, the 
cycle begins with ice occupying the fiord. It is assumed that any 
preceding glaciomarine sediments are overlain by till deposited by 
this advance. As the ice retreats, submergence occurs within Zone I 


of Clark et al., (1978). Because the land is depressed well below sea 
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UAB EE 3.1 
Classifying a transgression and regression that 
occurs ‘during. da’ glacial “cycle. 
Classification 
(Curray, 1964) Glacial Cycle Conditions Results 
- Glacial Ice occupying fiord Glacigenic deposition 
VII Deglaciation Transgression >> overstep marine over 
(depression below) Sedimentation glacial deposits 
sea level 
Vix Transgression > thin veneer of 
Sedimentation littoral sands, 


decreasing ice 
load 


V* (approaching. 
marine limit) 


VIII* (or short Uplift = 
duration Eustatic sea 
possible) level rise 

1 sea level 
rise < uplift 
II* 
I1l1I* 
decreasing 
rebound 
Ive 
VIII 
V Collapse of 


the forebulge 


*kshorelines may 
be preserved 


Transgression > 
sediment supply 


geographically 
stable coast 


Emergence >> 
Sedimentatior 


Emergence > 


Sedimentation 


Emergence > 
Sedimentation 


net erosion from 


wave action, 


local 


subsidence from 


compaction 


Transgression 


overlain by dis- 
continuous marine 
sediments 


marine onlap 


marine limit 
reached 


no beaches, dissec- 
tion of uplifted 
marine sediments 


mostly wave cut 
beaches, regressive 
strandline 


marine off lap, 
regressive beaches, 
delta building 


marine on lap 
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level a rapid transgression takes place simultaneously with the 
retreating ice margin. If the rate of transgression greatly exceeds 
the rate of sedimentation, normal facies changes associated with 
marine onlap will not occur (case VII, Fig. 3.1). Rather, the 
glacigenic deposits (i.e. till) will be overlain immediately by 
deepwater marine deposits, and lateral facies changes will be 
negligible. The unconformity formed between the deeper water 
sediments and the underlying till is termed "overstep" (Dunbar and 


Rodgers, 1957). 


In many fiords and valleys the above condition existed until 
the glaciers receded above the marine limit. However, in proglacial 
areas along valley sides where the sea was in contact with the land, 
the rate of sedimentation may increase relative to the rate of 
transgression (case VI to V, Fig. 3.1). If both of these rates remain 
high, the material supplied could have been redistributed parallel to 
the shoreline via waves and currents. In Clements Markham Inlet, 
however, open water is limited by landfast sea ice, and thus, wave 
action is weak and limited to the short summer season. Given some 
littoral processes, the coarsest material would be found near shore, 
fining seaward. As this type of transgression proceeds the littoral 
facies would shift landward resulting in a "common marine onlap" 
sequence recorded in the sediments. Nonetheless, the onlap sequence 
may be complicated if sediment is temporarily impounded within sandar 
and deltas during the transgression and therefore unavailable for 
littoral processes. In this case the water may rise over the 


terrestrial deposits, without the graded deposition associated with 
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common marine onlap (Mathews, 1974). 


During the establishment of the marine limit the rate of 
transgression decreases until it is balanced, and then overcome, by 
isostatic rebound due to the removal of the ice burden. During this 
time, there may be a brief interval when the relative sea level is 
Stable at the marine limit (case VIII, Fig. 3.1). Moreover, a brief 
transgression may follow due to net erosion by wave action or local 
subsidence due to compaction of sediments. However, it has been 
demonstrated that postglacial emergence in the Arctic, within the 
glacial limits, is initially very rapid and then logarithmically 
decreases to the present (cf. Andrews, 1968; Blake, 1975). These 
conditions of initial emergence would be represented by case I (Fig. 
3.1). Here, the initial rate of emergence would be very rapid 
relative to the rate of sedimentation. Under these conditions the 
expected seaward shift of coarse terrigenous facies would be 
discontinuous. Following emergence, areas at the head of the fiord 
would be mantled by fine marine sediments which lack a cover of the 
coarser offlap facies. These exposed marine sediments would be 
subject to gullying and deflation, moreover, no littoral facies 
marking past strandlines would be present (e.g. Blake, 1975). A cover 
of littoral sediments may also be absent in special circumstances 
where there is no source of coarse matereial (eg., till) for littoral 


processes to act on. 


As the rate of emergence decreases through time, the rate of 


sedimentation will eventually balance the rate of emergence. 
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Initially only wave-cut beaches would form (case II, Fig. 3.1), 
however, they would soon be succeeded by depositional beaches as a 
normal seaward progression of coarse terrigenous facies occurred 
(marine offlap, cases III to IV, Fig. 3.1). Furthermore, if the 
Supply of sediment remained high a depositional regression would occur 
because of rapid progradation by deltas. Although the most pronounced 
phases of delta building would be expected during times when the rate 
of emergence approaches zero, in arctic areas these periods are 
generally coupled with greatly reduced sediment supply due to 
diminished glaciers. At the head of Clements Markham Inlet case IV 


represents the contemporary stage in the postglacial marine sequence. 


If the zone I/II transition of Clark et al. (1978) is 
encountered within the fiord, a condition of limited submergence may 
occur (case VIII). Although case VIII submergence in Curray's model 
is due to the compaction of sediments or net wave erosion, this is not 
the case in Clark et al.'s, (1978) model where transgressive, marine 
onlap sequences may also occur (case V) if the forebulge collapses, as 
predicted by the geophysical model. As noted earlier, the Zone I/II 
transition may have occurred within Clements Markham Inlet. If this 
was the case transgressive sequences would be expected in the 
outermost areas of the Inlet. However, no evidence of this was found 


(see Chapter IV and V). 


3.2.5 Discussion and Conclusions 


The stratigraphic sequences expected in an Arctic fiord 
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during a glacial cycle are shown in Figure 3.2. This diagram attempts 
to describe the succession of deposits when considering the fiord as a 
Whole. However, it is evident that some deposits may contain complex 
assemblages of grain size, sorting, and sedimentary structures that 
cannot be readily accommodated by such a large scale model. In 
general, Figure 3.2 disregards the variability in sediment supply from 
one area to the next, as well as temporal fluctuations in sediment 
output from the glaciers. Another limitation to the model is that it 
only considers a single glacial cycle. Should there be a more complex 
glacial history (i.e. multiple glaciations), the isostatic and 


eustatic responses would also be more complex. 


Lastly, as pointed out by Andrews (1978), there is an 
intrinsic problem of coarsening or fining-upward sequences in glacial 
fiords. For example, the nature of the sediment will change not only 
with the depth of water, but also with its proximity to a glacier. At 
least three conditions can produce a coarsening-upward sequence: 

(1) an approaching glacier, supplying increasingly coarse sediments; 
(2) a falling sea level; or (3) a rising sea level with very high 
sediment input (Mathews, 1974). However, the last case must be rare 


in a glacial environment. 


Despite the above limitations, it is hoped that by outlining 
the major factors controlling fiord sedimentation during a glacial 
cycle some insights can be provided on the past depositional 
environments of Clements Markham Inlet. An important benefit of this 


model is that it anticipates complications which may be encountered in 
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FIGURE 3.2 A schematic section along an arctic 
fiord following a glacial cycle. 
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the field as well as providing an explanation of the spatial 
distribution of glaciomarine facies. For example, it was noted that 
glaciomarine sediments can be carried long distances out the fiord as 
well as be deposited considerable distances upvalley during glacial 
retreat. Therefore, recognizing specific facies becomes important 
(e.g. esker sands versus littoral sands). In addition, lateral 
gradation of facies and interlayering facies may be expected in 
specific areas of the fiord. For instance, one would not expect to 
find evidence of former strandlines in areas of extensively gullied 
marine silts. The surface silts themselves indicate an extremely 
rapid regression. Furthermore, if certain stratigraphic relationships 
can be recognized, such as an overstep sequence, the model can provide 
constraints on the conditions that prevailed (e.g. fast or slow 
glacial retreat), and aid further stratigraphic interpretations of the 


fiord deposits. 
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Chapter IV 


Geomorphic Data 


4.1 Introduction 


This chapter is divided into three principal sections. The 
first section (4.2), deals with a map of the surficial deposits in the 
Study area. The spatial distribution of the deposits is described and 
briefly analysed. The second section (4.3), describes the geomor- 
phology and stratigraphy of specific sectors in Clements Markham Inlet 
(Fig. 4.1). These areas are delimited by major watersheds and 
commonly contain deltas on their seaward margins. All pertinent 
radiocarbon dates are included in this section. The final section 
(4.4), deals with past glacier configurations within the study area. 
Ice limits and ice retreat patterns are provided based on information 


from the two preceding sections. 


4.2 Surficial Materials Map 


As a base for studying the geomorphology of the area, a 
surficial materials map was compiled from airphotos and 
ground-truthing (Fig. 4.2, in the back cover). The legend (Table 4.1, 
back cover) describes the materials identified, giving their symbols 


and an explanation of geomorphic descriptors used. 


The area mapped covers the terrain between the existing 
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glaciers and the head of the Inlet, as well as the ice-free uplands 
down the Inlet. Full airphoto interpretation was hampered in some 
narrow valleys where strong shadows occurred. The ice-free uplands 
were also difficult to map because of snow cover. This was 
particularly so when trying to distinguish till veneers from rock 
rubble, hence questionable areas were left blank. The following is a 


description of the surficial materials. 


4.2.1 Bedrock 


The predominant surface in the area is bedrock of various 
ages composed primarily of sedimentary lithologies (see Ch. II). The 
bedrock is found in various stages of decomposition from extensively 
frost shattered rubble, mantling broad summits and hill slopes; to 


freshly exhumed surfaces. 


Although localized weathering breaks were found on similar 
rock types, no spatially coherent patterns could be mapped. Several 
factors govern the extent of rock weathering including: the length of 
exposure, susceptibility, and microenvironment. The variability 
presented by the latter two factors is thought to have obscured 


recognizable glacigenic weathering zones. 


Ley apap ENE 


Non-sorted glacial debris is widespread in the map area. It 


is commonly found as a thin, discontinuous veneer overlying the 


nba lou sentoume oie 9) fea a lt 9 dab 
sone rit hemsqmed? wane ‘act aed paoirte 
atasley. gevtepen’ at i hdc nl svat pra 

; sow ight’ coli eka te sruseed ie of'3 
doo) aut ertpombl | Ake Narain anil 
Sat pabec(ici sf lap a ate! gtne! aaere 
“envi a 


ROMY 2 meered at alii rts tle soiree 
i an My deugotong A Me | 
ViSViened ts Maat nod kat ehgmanmua "Ne eiiarte pn 
oS? isscets DEE Aas Anne RIE. ackintndal » 


aa 
Welidts no bnUOY ey eapded ajc 


iaveved , ledge ad Bicigw som agrracuag ‘Sitar (atatve bes oat 
ie. thieves eftd cgothatoet ‘poy nd tbw bib Me Ane eth ; it 
| WaPiidsbey seft ~ taunt eBora6 i wae sah eaaagonte riveoar 
poyuarede aed! G 32 Ssiguatls, del pea thety: cus or mad xe moon 


| ra | ee 
| pears: 


*e Uy shad 
1T wee ae od? at baergesht: ‘i ainda lerogdg. ashi a et She 
iA Lise 
ad ~~: “BAND Y exittihiimeionstl thet & 5p. beef prs” ee ee 
Vere orl Bl ee ee 
; a ce Ms | 
7 Pra 


73 


bedrock. Slightly thicker veneers (still <1 m thick) are found in 
valley bottoms and cirque floors. Till surfaces are characterized by 
varied clast sizes within a predominantly sandy matrix. For the most 
part the material is locally derived, but an abundance of erratic 
debris distinguishes it from in situ weathered bedrock. Nonetheless, 
even predominantly weathered bedrock surfaces contain isolated 
erratics. Furthermore, it is often impossible to distinguish till 
from frost shattered bedrock, especially in outermost Clements Markham 
Inlet where recent glaciation was very localized, limiting erratic 
dispersal. Till blankets (>1 m) rarely occur and likely represent 


concentrations near former glacier margins. 


4.2.3 Glaciofluvial Sediments 


The major source of surface runoff in the study area is from 
glacier melt, hence most of the waterlain sediments are glaciofluvial. 
Glaciofluvial sediments on the surficial map cover a wide range of 
genetic types. Generally, these sediments are gravel and sand 
deposited beneath, and in front of, the marginal zone of a glacier, 


forming valley trains (sandar) which terminate at the coast line. 


Identifying sandar within valleys is straightforward, 
nonetheless several major qualifications are necessary. First, 
because many of the sandar terminate at the sea, they form the coarse 
topset sediments of prograding delta systems. Because postglacial 
emergence characterizes this area large lateral shifts in facies often 


occur; for example, remnant, deltaic deposits may be found within 
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contemporary sandar environments far inland. Hence, on airphotos, 
confusion may result when trying to separate coarse, marine delta 
deposits from sandur deposits, particularly, where the terraces are 
found far inland, ergo the two units are lumped together. A second 
important qualification is that the contemporary glaciers in this area 
are subpolar (see Ch. II) and drainage channels along the ice margins 
are common, furthermore, the existence of many old, ice-marginal 
meltwater channels downvalley suggests that their thermal regime was 
Similar in the past. Hence, many outwash terraces are kame terraces 


delimiting former ice margins. 


The origins of the various types of glaciofluvial terraces 
are crucial to the interpretation of relative sea levels. Sandar 
remnants depict former surfaces which grade to specific relative sea 
levels and they commonly terminate at delta terraces constructed into 
that sea level. Clearly, kame terraces, whose downslope sides were 
buttressed by glaciers, bear no such relationship to sea level. 
Differentiation is most important when dealing with ice contact 
deltas, where kame and delta terraces may be found in close proximity, 


especially where parts of the glacier terminus contacted the sea. 


4.2.4 Glaciomarine Sediments 


Fine grained, raised marine deposits form the most widespread 
surficial unit in the area other than rock. These deposits are 
predominantly horizontally stratified silt and fine sand, and comprise 


the bottomset beds of several delta systems at the head of the Inlet. 
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Although numerous broad valley bottoms are in fact below the marine 
limit for considerable distances inland, they lack fine marine 
deposits due to subsequent river erosion. Nonetheless, some 
flat-lying areas within a few kilometres of the Inlet are mantled by 
thick silts which are extensively gullied. The silts contain varying 


amounts of dropstones which form a surface lag in some areas. 


4.2.5 Minor Materials 


A number of surficial units mapped are very local in extent. 
The most common of these are alluvial fan and colluvial deposits 
mantling the valley slopes. Solifluction and debris flows appear to 
be the dominant processes transporting the material from weathered 
rock upslope.. As noted, the tills in the area are often adrftlrcuiteto 
distinguish from the weathered rock, hence the glacigenic contribution 
to these deposits cannot be discerned. Furthermore, local talus 
production itself contributes substantially to lateral moraine 
production in alpine areas. Further modification may also take place 
should the valley-side material become rock glacierized. A number of 
areas designated on the map are thought to be rock glacierized lateral 


moraines (cf. England, 1978). 
4.2.6 Discussion 
The Surficial Map shows a complex association of moraines, 


and marine and glaciofluvial deposits within the valleys and along the 


shores of Clements Markham Inlet. Because most main valleys 
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experienced glaciation, followed by a marine transgression and post- 
glacial emergence, the spatial organization of deposits within 
individual valleys follows a similar pattern. The glaciers provided a 
major source of runoff and sediment, hence large delta complexes are 
found at the mouths of formerly glaciated valleys. Furthermore the 
mouths of the valleys usually contain kames, moraines, and flat-topped 
glaciofluvial terraces suggesting glacial stillstands during these 
higher sea levels. The marine limit is usually marked by uppermost 
terraces which prograded from these ice-contact deposits. Each delta 
also usually contains a series of descending delta terraces which lie 
seaward of the marine limit terrace. These delta terraces may have 
corresponding sandar terraces upvalley. Occasional foreset bedding 
depicts the progradation of the terrace over deeper-water sediments, 
however, the terraces are also frequently inset into the underlying 


material with a cut and fill relationship. 


Deep water, bottomset sediments often lie in the outer 
perimeter of each delta. These deposits are composed of horizontally 
Stratified silts and fine sands, often 5-10 m thick. The sediments 
are locally fossiliferous and may contain a preponderance of 


icej-rafted material. 


Upvalley from the delta systems the surficial cover is 
predominantly till veneers or colluvium, otherwise the surface is 
comprised of bedrock (Fig. 4.2). The till deposits are not extensive 
enough to describe a coherent pattern of former ice cover. However, 


remnants of ice marginal drainage channels on the mountain slopes 
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depict former glacier occupation. These features were used 


extensively to construct the ice retreat map (Sec. 4.4). 


4.3 .Site Analyses 


This section deals with the detailed geomorphology of 
Specific areas within Clements Markham Inlet. Although deposits and 
glacial features were mapped in the highlands of upper Clements 
Markham River and its major tributaries, detailed field work 
concentrated on deposits found along the coastline where exposures and 
fossiliferous sediments are common. The following site descriptions 
begin at the head of Clements Markham Inlet and first follow along the 
NW coast for 55 km to Cape Colan, bordering the Lincoln Sea. The next 
set of descriptions follow its SE coastline from the mouth of Piper 
Pass to Hamilton Bluff deudenine Parker Bay (Fig. 4.1). Each site is 
discussed in the following order: general description; geomorphology 
and stratigraphy; and interpretation. Official and unofficial place 


names are given in Figure 2.1. 


4.3.1 The Lower Clements Markham River 


4.3.1.1 General Description 


The area of lower Clements Markham River is a broad plain 
2 
which is occupied by the modern sandar, a large lake (ca. 8 km’), and 
extensively gullied, raised marine silts (Fig. 4.2). The Crescent 


Glacier and the Barrier Glacier lie ca. 25 km upvalley (Figs. 2.1 and 
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4.2), whereas the Lime Cliff Glacier marks the western boundary (ca. 4 
km WSW of the lake, Fig. 4.3, Plate 4.1). Glaciofluvial and delta 
terraces, rising above the silts, form the N and S boundaries of this 


plain and occur along the sides of the main NW-SE oriented valley. 


The majority of the thick silt deposits are found in two 
bodies on either side of the Clements Markham River. One deposit (ca. 
7 km by 1.5 km) lies immediately S and SW of the lake, and the other 
deposit (ca. 3 km by 1.5 km) borders the southern side of the river 
valley. These silt bodies are considered to form a single unit, which 
once occupied the entire lowland area, prior to being separated by 
Subsequent fluvial erosion. The contemporary Clements Markham River 
sandur (ca. 2 km wide) now separates these silt bodies. River erosion 
into the northern silt body exposed a diamicton layer (ca. 3 m thick) 
underlying the silts. Christie (1967) referred to this area as Till 
Island (Fig. 4.3). 


The southern silt body is bounded by a large delta system to 
the S (Corner Delta). The Corner Delta emanates from the mouth of a 
valley which lies parallel to, and midway between, the mouths of the 
Clements Markham River and Piper Pass. Two glaciers lie at the head 
of this valley ca. 13 km from the apex of the delta (Figs. 2.1 and 


4.2). 


4.3.1.2 Geomorphology and Stratigraphy 


Three principal areas are described: Till Island, Corner 
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Plate 4.1 Glaciers near the head of Clements Markham Inlet, 
looking northwest. The snout of the Lime Cliff Glacier is 
clearly seen as it overlies an outlier of ice~cored outwash. 
These glaciers are ca. 8 km from the present shore of the 
Inlet. Note the gullied marine deposits in the foreground, 
as well as the contemporary sandar associated with these 
glaciers. The Corner Delta is directly beneath the 
photographer (Fig. 4.3). 
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Delta, and the Lime Cliff Glacier area (Fig. 4.3). 


The Till Island deposits are underlain by a bedrock ridge 
which restricted the northward migration of the Clements Markham 
River. The ridge rises gently from the river level, westward, to an 
elevation of 220 ma.s.l.. Intensively cryoturbated material derived 
from the underlying bedrock, containing few erratics, is exposed on 
the surface of the broad summit. The stratified silts which mantle 
Till Island, lie as high as 94 m pee o Along the S margin of Till 
Island there is a continuous exposure that extends for ca. 4 km. This 
section shows horizontally bedded silts underlain by a diamicton 
containing numerous striated clasts (see arrow, Fig. 4.3). The 
diamicton is, in turn, underlain by orange weathering, limestone 
breccia and gypsum. Christie (1967, p. 6) described the diamicton as 
a till layer, 1.5 to 4.5 m thick, having "a tough clayey matrix" and 


with striated boulders up to 1.2 m in diameter. 


Plate 4.2 shows the Till Island exposure. Generally the 
contact between the bedrock and till is abrupt and the bedrock has a 
smooth, undulating surface. However, some bedrock protuberances have 
been sheared off and partially incorporated into the base of the till 
layer immediately downstream. The contact between the till and the 
overlying silts, on the other hand, is either abrupt and conformable, 


or gradual, with a certain amount of mixing. Thin gravelly bands, and 


2Henceforth all references to features' elevations will be given 
in meters and will refer to meters above sea level (a.s.l.), 
unless otherwise specified 


f a. 182 ssid pe: et senate 

! ay plibie, bi aan itt ahaa | 

Eiit rid Re z a ro A) ee ee rc ao Nasa 
; { 

; i & nesta sad sei j mi tay 

OSS } ch ee abatyebae wil se seis: Gia 


win. ae sot fo) trea irl 
Babe. 303 ential reve “ ve 


- 19 ants i aS 


* 
cpt 


v taal aiagite. Bite Get 5 P05 


Rite sO sed CR Dome: J Tigi ie SF Sead 


ee) a aie oon 
asd ant eatil bazenedre et? vical ae! ‘bie We beworle’ ood | ) n 

ett ins Lita @ sseuted soso ect MRIS hao yiederhsoml mange 
Sfeerioinioe Gee tqunda wane ek bhp -vadde SJ. ao lie yakytnsve 


‘ever 2s. he sets thea Bee ate sieedt 


te 
bey 
tas 
Let = 

p 
a 
® 


Gre yebusd, yilovera atm? . und xm to. Since akatieo 2 ithe ,tauberg 70 


y > ‘ ( 
| iy easy 4 sn (or eet eneenemnnaieiat dl 


pes ad Sltw gaitevet= ‘eouepaeay of capnena tet, ile naemifeunsH> | oa ae 
; (y,B 68) fave! oe wads. ews lan Cs wa i fw bys giredon rh; ; 2 
| Heltinens selwtedde peel ia eee 


= ¥ 
vat 7 
. ) j ' \ area } 
i) ’ Pas * i \ . Ly 
ws oe a "3 ‘ 
, i bi i li 


Plate 4.2 The exposure along the southeast side of Till 
Island (Fig. 4.3). Polished gypsum and dolomitic breccia is 
overlain by till which is, in turn, conformably overlain by 
Stratified marine silts and fine sands. 
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faint bands of silt and fine sand form discontinuous beds within the 
upper parts of the till. Above this, the marine sediments form 
undisturbed, horizontal beds of silt and fine sand. The sediments are 
unfossiliferous and contain few drop stones. The drop stones form a 


lag of angular rock debris on the surface of Till Island. 


Two fabrics about 500 m apart were measured on the till 
within the above exposure (Fig 4.3, Plate 4.2). Both sites contained 
numerous striated and faceted limestone, quartzite, and sandstone 
clasts, but Site 2 contained more pea sized and rounded material. The 
fabric obtained at Site 1 shows a relatively strong alignment with the 
long axis of the valley, and hence, the inferred glacial flow (NNW to 
NW). The Site 2 fabric, on the other hand, has a strong bimodal 
distribution with a secondary orientation orthogonal to the valley. A 
similar sequence of bedrock, till, and marine deposits is found within 


the second major silt body to the S, and near the Corner Delta. 


The Corner Delta is comprised of a series of descending 
terraces overlying the stratified silts (Plate 4.3, Fig. 4.3). Major 
terraces have lip elevations at 101, 84, 70, 46 and 37 m, 
respectively. The terraces are comprised of unconsolidated sands and 
gravels which have indistinct, steeply dipping bedding. The uppermost 
terrace grades rapidly upvalley to an arcuate zone of hummocky, 
boulder gravel lying across the valley (110 ma.s.l. ). Several large 
depressions dominate this area. As with the Till Island deposits, no 
in situ marine bivalves were found in the stratified silts underlying 


the Corner Delta complex. However, whole valves of the marine bivalve 
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Plate 4.3 The Corner Delta. This delta clearly shows the 
terminal position of ice which occupied the mouth of the 
valley during the time the uppermost delta terrace was being 
constructed into a 101 m relative sea level (Fig. 4.3). This 
is indicated by the arcuate zone of kettled outwash across 
the mouth of the valley in the center of the photograph. 

Note the proximity of the glaciers upvalley. Also note the 
dissected silts exposed on the right flank of the delta. The 
uppermost silts contained shells which dated 7635 + 80 BP 
(SI-4761). 
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Hiatella arctica were found enclosed in a lobe of colluviated silts at 
an elevation of 82 m (site 1). The colluvial deposit is ca. 30 om 
thick and overlies undisturbed silts; in turn, the 101 m terrace lies 
immediately upslope from this deposit. The radiocarbon age of the 
shells (7635 + 80 BP, SI-4761) provides a minimum age estimate for the 


formation of the upper terrace. 


The Lime Cliff Glacier lies 7 km to the NW of the Corner 
Delta, on the opposite side of the Clements Markham River valley (Fig. 
4.3). The terminus of this large valley glacier produces a major 
sandur which grades into the Clements Markham River. Christie (1967), 
Stewart (1981), and Stewart and England (1983) reported on abutting, 
ice-cored, outwash terraces which are currently being overthrust by 
the advancing. glacier. These terraces were once part of a contiguous 
surface which has been displaced to form three distinct levels. 
Moreover, the terrace fragments are polygonal in plan view suggesting 
that decollement took place along a pre-existing network of ice wedge 
polygons. Similar glaciotectoniec features have been described on Axel 
Heiberg Island (K&lin, 1971) and Bylot Island (Klassen, 1982). In 
addition, the ice core, exposed along a stream cut, lies 2 m below the 
surface and contains dirty and bubbly bands with pronounced downvalley 
dips. Christie (1967) suggested that the core may be glacial ice 
dating from a late Wisconsin or later Holocene advance. Of interest 
to this study is that these terraces may be an outwash surface which 
graded into a former sea level. The upper surface of the thrusted 
terrace is at 121 to 123 m, whereas a relatively undisturbed surface 


occurs at ca. 117 m. One km to the NE of the Lime Cliff Glacier, 
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another large, flat-topped sand and gravel terrace occurs on the 
valley side at 104-106 m, and it may represent the same graded surface 


to a local marine limit of ca. 104 m (Fig. 4.3). 


Similarly, a third large terrace is found 4.5 km to the NE of 
the Lime Cliff Glacier. This massive terrace rises steeply, 100 m 
above the lake, to 102 m (Fig. 4.3). It appears to be composed 
entirely of loose sand and gravel lying at the angle of repose, 
although minor silt outliers are found on its flank to ca. 30 m. 
Although no buried ice was seen beneath this terrace, a very large 
depression separates it from the adjacent valley side. A circuitous 
channel running through a spectacular limestone gorge drains the 


depression into the lake. 


The last prominent terrace found in this area lies ca. 3 km S 
of the Lime Cliff Glacier and ca. 11 km from the sea. This terrace is 
also comprised of sands and gravels and it has a large depression 
occupied by a lake on the upvalley side. Its flat topped surface lies 
101 m and may correspond with sandur remnants found farther up the 


Clements Markham River valley (Fig. 4.3). 


4.3.1.3 Interpretation 


A discussion of the sediments found at Till Island will be 
presented first. These deposits are significant because they are 
centrally located in the lower Clements Markham River valley, and 


consequently they record the late Quaternary events in the main valley 
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system. 


The principal concern here, as well as at other sites 
described in later sections, deals with the origin of the diamictons. 
Is the diamicton a till deposited by a grounded glacier, or is it a 
glaciomarine unit released from an overlying ice shelf? As noted in 
previous chapters, contemporary ice shelves occur extensively in the 
fiords of northernmost Ellesmere Island and they were probably more 
extensive during past glacial cycles. However, given the preferred 


orientation and characteristics of shear preserved in the unit, the 


diamicton layer found throughout the lower Clements Markham River area 


is interpreted to be an orthic till, deposited up-ice from the 


grounding line at the base of a glacier. 


The stratigraphic sequence of Till Island is interpreted as 
representing a glacial advance-retreat cycle accompanied by a marine 
transgression. The initial advance scoured the valley floor, 
polishing bedrock surfaces and trimming off protuberances. A 
downvalley direction of shear stress is evident where resulting rock 
debris is incorporated into the lower part of the till. Subsequent 
deposition of till and retreat of the glacier was coupled with marine 
inundation resulting in horizontally stratified silts lying 
conformably over the till. In some parts, the highly deformable 
nature of the water-saturated till resulted in the mixing of the two 
units. Generally, however, the contact is sharp and no intervening 
glaciofluvial or littoral sediments occur. This overstep relation 


means that glacial retreat was rapid (see Ch. III). Conversely, 
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coarse sediments overlying the marine silts are also absent. The lack 
of an overlying regressive facies suggests that postglacial emergence 

after the deep water phase was also very rapid. Large areas of silts 

form plains exposed at the surface where they are subject to deflation 
and intensive gullying. Only where coarse sediment input was high, 


such as at valley mouths, are the silts capped with gravels. 


The preceding analysis indicates that most of the fine 
grained sediment in this area was deposited in a short interval 
between rapid glacial recession and subsequent rapid emergence. This 
implies that sedimentation rates during this time were extremely high 
in order for thick bodies of silt to be deposited. This may also be 
indicated by the absence of any marine fauna within these silts. High 
sedimentation. rates, coupled with brackish water conditions caused by 
rapidly melting ice, may have prevented invasion by marine fauna. 
Moreover, marine shells were only found in beds at higher 
Stratigraphic positions, indicating that environmental conditions for 
marine fauna improved only in late phases of deglaciation. The above 
sedimentary history is dissimilar to paleoenvironments farther down 


the Inlet which will be discussed in later sections. 


After the main glacier retreated from the lower Clements 
Markham River valley the marine limit terrace of the Corner Delta 
prograded into the high sea at 101 m. Consequently, the sediments of 
the Corner Delta represent a later stage in deglaciation when the 
upland valleys were still occupied by ice. The arcuate zone of 


glaciofluvial ridges and kettles at the apex of this delta complex 
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indicate that the terminus of the tributary glacier was immediately 
upvalley at this time and ample coarse sediment was supplied for 
progradation (Plate 4.3). The radiocarbon date suggests that this was 


happening prior to ca. 7.6 ka BP. 


Whereas the origin of the Corner Delta terraces is clear, the 
large gravel terraces bordering the Lime Cliff Glacier are more 
difficult to interpret (problems of interpreting terrace genesis were 
discussed in Sec. 4.2.3). These terraces are not part of a continuous 
delta system, but rather they are found as isolated bodies abutting 
the valley sides. Consequently, they may have been formed along the 
margins of glaciers as indicated by their kettled nature. The terrace 
contacting the Lime Cliff Glacier, which presently contains a glacial 
ice core, may. provide an analog for such a glaciofluvial terrace. 
Nonetheless, the similarity in elevation between the flat tops of the 
glaciofluvial terraces (104 m) and the marine limit at the Corner 
Delta (101 m), suggests that they prograded, or were regraded, to a 


Similar relative sea level. 


4.3.2 Owl Perch Delta 


4.3.2.1 General Description 


The Owl Perch Delta lies on the NW shore at the head of 
Clements Markham Inlet, immediately to the NNE of the prominent lake 
(Figs. 4.1, 4.4). Sediment and meltwater are currently supplied to 


the watershed by small glaciers on the flank of Mt. Rawlinson, about 6 
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km upvalley (Fig. 2.1). This watershed (ca. 60 km°) is comprised of 
several subparallel tributaries which merge above the apex of the 
delta located at the valley mouth. The main channel shows thick 
accumulations of sediment overlying bedrock. However some of the 
surface relief within the delta is a result of underlying bedrock 


ridges which trend obliquely across the main channel. 


W.3.232 Geomorphology and Stratigraphy 


Like the Corner Delta, the apex of the Owl Perch Delta is 
characterized by thick deposits of angular clasts in a sand and gravel 
matrix. Large depressions are found on its surface near the valley 
Sides. Some of the depressions are bounded on the seaward side by 
descending, arcuate ridges having asymmetrical cross sections. The 
inward slopes of the ridges tend to be steeper than the seaward facing 


slopes, suggesting an ice-contact origin. 


About 1 km upvalley from the delta apex, benches of 
horizontally stratified, indurated silt lie at the confluence of two 
main tributary valleys at 130 m and 190 m (site L, Fig. 4.2). These 
silts are unfossiliferous and contain abundant dropstones. Seaward of 
the delta apex a series of descending delta terraces occur at 93, 81, 
69-70, 47, 30 and 21 m. The 70 and 93 m terraces are paired, whereas 
the lower terraces are non paired and concentrated on the W side. 
Dissected marine silts are exposed along the periphery of the delta 
terraces, particularly on the E side of the delta system (Fig. 4.4). 


Abundant marine pelecypods in growth position were found protruding 
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from the surface of a silt plain at 60 m (site 8). A radiocarbon age 
of 7540 + 95 BP (UQ-260) was obtained from massive Mya truncata at 


this site. 


Local exposures show a variety of deposits within this delta 
complex. A river cut near the valley mouth exhibits an indurated 
diamicton 3 m thick overlying bedrock (site T, Fig. 4.4). The 
diamicton, which contains striated clasts, is in turn, overlain by 
unconsolidated gravel lying on the surface. Further downstream, the 
diamicton is absent, and current bedded sands comprise the base of the 
section. These sands contain sparse Portlandia arctica pelecypods and 
plant debris, and in turn, are overlain by an unfossiliferous, coarse 
sand and gravel delta terrace (ca. 70 m). Because bedrock is not 
exposed at this site, the relationship of these sands to the diamicton 
is unknown. In other sections within the delta, stratified silts 


abruptly overlie glacially polished bedrock. 


On the NW side of the Owl Perch Delta, a continuous section 
through a delta terrace lying at 47 m (Fig. 4.4), shows a progressive 
shift in sediment character related to distance from the former delta 
apex. Although the surface of the terrace is comprised of loose sand 
and gravel, the exposure shows that the terrace is in fact underlain 
by fine stratified sediments. The distal end of the section shows 
silts and fine sands having a gentle seaward dip. About 50 m closer 
to the delta apex, these sediments contain an increasing amount of 
rock debris. Simultaneously, there is a gradual shift in the fines to 


more sand, and finally dominantly sand. After 100 m laterally these 


94 


4 ee ae Ny a P at 
anys pot ‘Tse i He oven mae, 4s ose sn8 6 la a ae ai 


eT ne A, AN exert toutints aie , sk 


a 
eee 
siete 


= aah j 


_ 
a mh 
' at 


fs 


i a 
= K a re 


f 
i 
it 


. Bis Wein ineny Mute! in bie 
| sie oo ia ae vie phate 
dikivh ated opts Reheat Me tale K weak soma 
ined: = 
i ea helap, Aacay. ikl fay std, “Reo 09 nei 


amt UR A Si eee wporbed Siero, adrAg i fn 


As 
& 


i} 
‘ 


bie See: CPR: oe om: faisls: bade fide es ; rad biaeh 
sd? sbentenosty YeRSI | .eOnanas ay Ae yey ang 
ene seit arbi whnie, Papied al aaa pas. oe 
bite eoogyonlad: si tony ehbnelans: ore} re nei 
ee ad era he Dheete Ae: ve sail Se ome, of Pibat AE SO.g ven ie 
i oyottedt mabigoedh Oi OT) ied noapered dads canis 3 bre * 
Heso. so edd ot Danse seat Aovghdngetaalball edd ee 
fae bet yogeile .eciei ars Bane ee wooo cio at ‘ Of aS 
ee leon ‘hese aes ware : 7 
ino 2 Senses siento s ,atiet, shel ety cot to aie ee ers = iy 
by nee gow, 6 eae tt e et) bi ” 6 waded. ee TiN au 
‘@ofon. spanct ath ert’ SBAES yr os Ras tefoy vratoaruato wnat vee ot sh an 
bin, anos!” e! Noted. et sential alt Yo ane Treat oot stubodhté ge ie 
oieinebm fost nie. oop ried set Betts avis onmogze. ard iste fe Rs " 
noice aacuishee. orth Sd Son LaMA Yaa -patebhse boll kere ark ch 
1260le OC SAA 6 GeD brmages, eLgmag 4 cau ehoge -oik? bom wea 
he seasooss pribasinad pe ntedgde Bnemthes onsitd EGS Cadell te Nee 
Od sandisk pe Re gutien 20k eral Enucene take “ftrab toon Ly 
stadt yifamies & OO ssa%4 Bee ¥ésouivbvob Lieut’ ore voce ron sagitl vece 


‘oad y + oe ; a ‘ Ma PSURs 


fs. , } ast gets a —— i i rf 


rey, 


_ 


Sediments are obscured by loose sand and gravel which comprises the 


delta terrace surface. 


The last stratigraphic section to be discussed is a ridge 
Which lies transversely to the delta, on the NE side of the river 
(site R, Fig. 4.4). The sediment exposed here is unlike any other in 
this area. The most striking characteristics of the sediment is that 
it is extremely indurated and has a distinctly salty taste. The 
material within the W end of the exposure is coarse grained and poorly 
Sorted. Generally the base of the section contains a heterogeneous 
mixture of rounded clasts supported by a matrix of silty sand. 
Conversely, the upper parts of the section contain lenticular beds of 
sorted gravels and numerous scour and fill structures. Eastward, 
these structures are lost and the entire section is a diamicton. The 
flanks of the ridge are conformably mantled by marine silts that 


comprise the upper unit in the section. 


4.3.2.3 Interpretation 


The history of the Owl Perch Delta resembles that of the 
Corner Delta. Ice-contact, glaciofluvial ridges and kettles attest 
that a tributary glacier occupied the mouth of the Owl Perch valley 
during initial stages of delta building. Prior to this, more 
extensive ice deposited till further downvalley, and this event may 
represent a period when the tributary glacier merged with the main 


trunk glacier occupying the Clements Markham River valley. 
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A subsequent position of the glacier terminus may be masked 
by the transverse-lying ridge in the lower delta, however, genesis of 
this deposit is uncertain. The west end of the ridge appears to be 
comprised of bedload and channel fill deposits, whereas the eastern 
end of the exposure may be till, although striated clasts are absent 
and the transition between these sediments is gradational. Whether 
glacigenic or not, the overlying marine silts indicate that the ridge 
predates the postglacial transgression by the sea. Furthermore, it is 
probable this deposit is indurated because of the cementing by salts, 
but to what extent this indicates age is not known. This deposit is 
certainly more indurated than any of the other Quaternary deposits 
found in the area. Christie (1967) reported widespread caliche 
deposits which he speculated were deposited during upward movement and 


evaporation of water from thawing ground. 


When tributary glaciers occupied the Owl Perch valley, 
proglacial lakes formed at high elevations because the ice impeded 
drainage in the lower valley. The silt benches at 130 m and 190 m 
are considered to be glaciolacustrine rather than marine because they 
are unfossiliferous, and they occur considerably above the local 
marine limit at 93 m. Furthermore, they are a pale brown colour (10 
YR 6/3 d) and are more indurated, compared to the grey colour (10 YR 
3/1 d) and friability of the fossiliferous marine silts at lower 
elevations. This difference probably reflects their different 
sedimentary environments. Finally, proglacial lakes are common in the 


present environment in similar settings. 
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During deglaciation ice in the vicinity of the delta apex 
provided sediment which prograded into the sea at 93 m. The minimum 
age estimate for this event (7540 + 95 BP, UQ-260) is provided by 
shells from the bottomset silts exposed in the distal parts of the 
delta complex (site 8). Insufficient detrital organics or shells were 
retrieved from the more proximal current bedded sands bordering the 
river channel. However, these sediments may postdate the marine limit 
phase if they are part of the same prograding sequence which led to 
the formation of the overlying sand and gravel terrace at 70 m. The 
section described on the NW side of the Owl Perch Delta, which cuts 
through a 40 m delta terrace, clearly depicts such a facies shift 


laterally as one moves from distal to proximal locations. 


4.3.3 Gypsum River Area 


4.3.3.1 General Description 


The Gypsum River area provides the most stratigraphic and 
geomorphic detail in the Clements Markham Inlet (Figs. 4.1, 4.5; Plate 
4.4). The river lies in a broad valley which is bordered to the W by 
an ice cap that supplies meltwater along the 35 km of river course 
into Clements Markham Inlet (Fig. 4.2). Although the siner Dart. of 
the river flows SE, the lower part swings NE as it flows along a major 
strike trough which parallels the Inlet. The intervening ridge to the 
S, which separates the Gypsum River from the Inlet, is flat-topped and 
forms a plateau whose SW end abuts a pyramidal mountain rising to ca. 


750 m (Plate 4.4). To the NE, the plateau is crosscut by a narrow 
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Plate 4.4 The bluffs of the Gypsum River area looking 
southwest, up the Inlet. Ice marginal channels on the 
Seaward side of the pyramidal mountain in the background mark 
the approximate position of a major trunk glacier within 
Clements Markham Inlet ca. 10,000 BP. The bluffs form the 
seaward edge of a plateau over which lobes of ice from the 
right spilled into a high sea at 124 m a.s.l.. 
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gorge which sharply diverts the last part of the Gypsum River to the 
S. The mouth of the gorge forms the apex of the delta, 3 km from the 


shoreline (Fig. 4.5). 


4.3.3.2 Geomorphology and Stratigraphy 


The surficial map (Fig. 4.2) shows a variety of deposits in 
the Gypsum River area. The contorted nature of the valleys, the 
product of structural control, has led to a complex assemblage of 
landforms. The previously described plateau, S of the Gypsum River's 
prominent bend, deflected glaciers flowing down the Gypsum River 
valley. The SW part of the plateau has widespread glaciofluvial 
deposits and extensive ice-contact topography is found there, 
including moraines, kame terraces and kettled surfaces. The moraines 
(up to 8 m in relief) have a configuration that depicts at least three 
terminal positions of the ice which crossed the plateau obliquely 
(Fig. 4.5). Integrated networks of former meltwater channels commonly 
truncate these moraines and join many of the larger kettles. A number 
of these channels also terminate on the steep seaward (Inlet) side of 
the plateau. Stream cuts along the lower seaward slopes of the 
plateau exhibit fine grained sediments of marine origin at 13 m A 
radiocarbon age on in situ shells of Mya truncata and Hiatella arctica 
from these sediments (site 19) yielded an age of 5720 + 150 BP 


(UQ-258) . 


The marine limit in the area is clearly marked by the 


termination of a large flat terrace, ca. 0.5 km in width, that extends 
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along the steep seaward side of the plateau. The seaward facing 
horizontal lip of this sand and gravel terrace lies at 124 m, whereas 
the adjacent sides of the terrace terminate at till covered, bedrock 
protuberances. Toward the NW, in an ice-proximal direction, the 
terrace slopes gently upward and clast sizes increase. Eventually the 
proximal end of the terrace surface terminates at small asymmetric 


moraine ridges which mark the edge of a kettle ca. 160 m (Fig. 4.5). 


The landward side of the plateau is dominated by fluvial 
gravels and flights of ice-contact ridges and terraces which descend 
to the contemporary Gypsum River sandur. A complex sequence of base 
level changes is indicated by these successive terraces that must be 
the result of retreating glaciers and land emergence, coupled with 


gorge cutting by meltwaters. 


In the eastern sections of the Gypsum River delta large 
volumes of outwash at high elevations are less common. However, a 
bedrock ridge, the structural continuation of the plateau W of the 
gorge, has a gravel bench running along its seaward side at 110 m 
(Fig. 4.5). This feature has a hummocky tread (+ 0.5 m), nonetheless, 
it is level for a distance of ca. 750 m and it is interpreted as a 
beach marking a relative sea eet at 110 m. An important aspect of 
this beach is that it was partially formed on the landward, 
ice-proximal side, of the bedrock ridge. Because this ridge also 
formed an abutment for any glaciers flowing down the Gypsum River 
valley, it follows that this area must have been ice-free before the 


time of the 110 m relative sea level (Fig. 4.5). A number of small 
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moraines in the trough along the landward side of the ridge trace the 


retreat of the ice upvalley. 


Smaller, fine grained delta terraces mark former sea levels 
at 84, 70 and 69 m, respectively. Like the SW sector of the Gypsum 
River delta, the lower seaward slopes of the NE sector are also 
mantled with fine grained, deep water, marine sediments which form. 
very light-toned areas on Figure 4.5. A horizontally stratified silt 
outlier, ca. 35 m thick, forms a prominent ridge running parallel to 
the shore, and transversely across the delta for ca. 500 m (Fig. 4.5). 
Abundant, articulated shells protruding from the surface of the 
outlier (65 m, site 23) initially yielded the oldest date yet recorded 
on marine sediments within Clements Markham Inlet (10,690 + 520 BP; 
S-2137). Nevertheless, a second date on the same sample produced an 
age of 7940 + 130 (S-2483) suggesting that the first date is in error 


because of a problem within the radiocarbon laboratory. 


The most distal sections of the Gypsum River delta are 
dominated by several very large terraces lying between 9 and 23 m. 
These more recent stages of delta building are centered on outflow 
from the mouth of the gorge, and truncate the older marine deposits. 
Channel cuts into the contemporary delta surface expose well developed 
foreset-topset sequences suggesting that active progradation is still 


in progress. 


Numerous gullies cut into the seaward slopes of the Gypsum 


River delta expose complex sequences of glacigenic and marine facies. 
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The general succession of facies throughout the area is similar. 
Figure 4.6 illustrates five representative sections within the Gypsum 


River delta, from the SW side to the NE. 


The first section (A) exhibits a well indurated, grey 
diamicton overlying bedrock. The diamicton is 3 m thick and contains 
striated and faceted clasts similar in appearance to the till 
described in the Owl Perch delta. Fabric analysis indicates a 
preferred orientation of 152° TN, and a 13° dip, in the seaward 
direction (Fig. 4.6). Therefore the diamicton is considered to be a 
basal till. The till is overlain along a sharp contact by 4m of 
horizontally stratified silts. The silt, in turn, is overlain by 
unconsolidated gravels which comprise the upper delta terrace. The 


contact between the latter two units is not clear. 


Section B, a short distance NE, shows a different diamicton 
overlying bedrock. This diamicton is darker, has a sandier matrix, 
and contains clasts that are more rounded and less faceted, than those 
in the till of section A. The upper contact of the diamicton is 
undulating (+ 50 cm) and bedded silts conformably overlie it. These 
silts, in turn, are overlain by a 2 m thick diamicton having similar 
characteristics to the till described at site A, containing numerous 
faceted and striated clasts. Silts interbedded with thin, steeply 
dipping diamicton bands overlie the diamicton layer. The silt beds 
show signs of disturbance, but undisturbed silt beds ca. 4 m thick and 
having a 6° SE dip, overlie this zone of intercalation. The thick, 


undisturbed silt unit is grey in colour and unfossilferous, however 


104 


MLIEC) 


ante att bu 1 a pipet oes ‘ its 
ai erly ooh bite We ant worth, o 
oF ) satan th , 
eet es bastante Ete a ike cay woidoon boner a. 
Rafe bee Nae ee eb oe daniit eat wiped maixtievo 
i) sift of s0hetestte “RR lt wualo sain ides 
aS PROM, URE otnciegt bela sorwd AO orld fH, be ‘> 
neva ete net ay VEE ba et. we 40 modsasiebse b 
Bool ot Dertaplenie. ee Mente Rmaiahs ea. aronterad,, nuh set) su 
nA sok tte crit & govite noninave at thts. pelt inte t ye 
(i make ee iets at je at, le beltivewe eed 
wf? -aloereise cathe saqle He Sema dee, owe, | i 
"pois at ei esd “yea aoe a neendiag 
oy bie ig hae 4: | sf r pom a 
nos Siwekb. Ie 6 races: ‘i emai te 6s maltoet ye ideal, 
OS adam Tetbeee. 6) Bah seiiats ‘ee eit Lena eee .slootbed , aihipbatit % 
MeOd? malls tartan ont aad fortes, - tecsbirteied ate wis: Ea) Beek, zatetnos bre 
: ta olny wee staid, racer ant Ayaolitons, | : 
apoct at eb thptio ldmahiryio® tie bests tare (ne 02 a) ett 
Yel tote gn iver! node ime Eb wot a Ss ya. stetsevd OTR: ad ab 
vonerud, gatitetnds otte Nip bation ‘age, ed 6: soide 4 
Vidpaite ynde eaiky hatiod-wstk xt, nro: posers ma ne 
ehod dike ile tenga: node ‘ae Hiroto hae 
We sotny mt 0" ete stke brads , 


105 


E 
6. bedrock 


5. t¢ll 


at ¢ I Mare. "I 


3 
= 
= 
A> 
oo 
= 
Ss 
$ 
ae 
: 
= 
oc & 
SS 
oa 
ee] 
S 
SF 
E 
“sk 
3 
“ 
Mec 
3 
we 
en ® 
2 
a 


l. gravel and sand 2.stratified sond 3.silt laminae 4.sandy diamicton 


GYPSUM RIVER SECTIONS © 
Loctions in Figure 4.5 


FIGURE 4.6 


ion | 


a 


Vai sy 


ae >t 


» 


{ Setne4 O58, SSNe Ea 


} i ed 
‘i. M ; 
4d 
Wa ; 
J 
A 
| Apa 
if 
Pet 
ie 
Fj 
at 
* 


ee ee 
‘ek AR} | 


oe ote a Aa 
Trae see °J io ee 14 +h 
} ; ; ae os 


‘¢ 


a 


106 


the uppermost beds change to a pale brown colour and coarsen into 
Stratified sands. Occasional Portlandia arctica were seen in the 


uppermost silt beds. 


The overlying stratified sands are at least 13 m thick and 
are widely exposed along the SW side of the Gypsum River delta. 
Numerous primary sedimentary structures associated with current 
deposition are present, including climbing ripples, large scale trough 
crossbedding, and plane beds. Occasional gravel bands and clay 
laminae are also found. These structures indicate a general 
paleocurrent direction of 144° TN, which is approximately the same 
direction as the 15-20° dip exhibited by the uppermost sand beds of 


this«unit.. 


The upper part of the sand unit contains layers of detrital 
plant remains as well as in situ pelecypods. A number of paired 
valves were found at the top of vertical burrows cutting through the 
sand layers. These infilled burrows show the adaptation of the 
pelecypods to the rapid deposition of sand (cf. Reineck and Singh, 
1980, p. 172). A radiocarbon age of 8660 + 155 BP (S-2124) was 
obtained on shells collected from these sands (site 21). The sand 
unit, in turn, is overlain by sands and gravels of a 96 m delta 


terrace. 


Section C, near the mouth of the gorge (Fig. 4.6) exposes a 
thick deposit (40 m) of sand and gravel, inset into stratified silts. 


The sands provide a matrix which supports larger clasts and bedding is 
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absent. This unit is overlain by the stratified sands that extend 


from section B. 


Section D, at the mouth of the Gypsum River gorge, has a more 
complicated sequence. The lowermost unit in the section is 5m of 
imbricated gravels dipping 20° ina general SE direction. The gravels 
are well rounded with only occasional striated and faceted clasts. 
Colluvium obscures the base of the unit, whereas the top consistes of 
30 cm of bedded silts containing a few dropstones. The silts, in 
turn, are overlain by 1.5 m of sandy gravel which truncates the silts. 
No bedding was evident within the gravel. The upper limit of the 
gravel unit is composed of intercalated bands of gravel and silt. The 
silts are usually folded, however, a number of rotated slump blocks of 
silt are also present. Gradually the zone of disturbance is overlain 
by 5 m of undisturbed silts. These silts, in turn, are overlain by 


current bedded sand recording a paleocurrent to the E. 


In contrast to section B, no marine pelecypods were found within 
section D. Although the stratified sands are similar in appearance to 
those in sections B and C, they have a different paleoflow direction. 
Nonetheless, a single trunk of Salix sp. incorporated into these sands 


(site 22) dated 23,850 + 850 BP (S-2140). 


Section E is found on the NE periphery of the Gypsum River 
area. This section is one of several similar exposures produced by 
N-S trending gullies oriented toward the mouth of the next valley to 


the NE (Moraine Creek area). Undulating gypsum bedrock forms the base 
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of the section. Generally a well indurated, sandy diamicton, up to 
4m thick, overlies the bedrock, but it is absent in some exposures. 
The diamicton contains many rounded clasts, particularly gypsum, and 
its matrix has a salty taste. Fabric analysis indicates strong 
clustering oriented 207° TN, with a 292 dip, which is from the 


direction of Moraine Creek valley (Figs. 4.1, 4.5). 


The diamicton and/or bedrock is abruptly overlain by ca. 2m 
of stratified grey silts that are unfossiliferous. These barren 
silts, in turn, are overlain by fossiliferous, pale-brown silts. The 
transition between the two silt units is marked by alternating strata 
of pale brown and grey silt. In situ shells collected from the upper 
pale brown silts at 45 m (site 24) dated 6865 + 130 BP (S-2135). 
These silts gradually coarsen into sands whose beds dip gently to the 
SSW. The sands form the uppermost unit and are covered by a lag of 
pea gravel at the surface. A series of incipient beach ridges 


superimposed on this surface extend up to ca. 89 m. 


4.3.3.3 Interpretation 


The geomorphology and stratigraphy of the Gypsum River area 
exhibit the retreat of glaciers from positions along the shore of 
Clements Markham Inlet. The glaciers that flowed down the valley 
during their extensive stage had to flow upslope to surmount the 
plateau which separates the main valley from the Inlet. This would 
lead to a thinning of ice over the plateau. On the steep seaward side 


of the plateau, the ice then encountered a high sea at least 124 m, 


oe te oe a besarmbit ren * iter 

8°) Ogee: SBR Ae drdede ie ae tud aloorban ett Om ts 
ers omega ulema edad betnmk see sebuah i 

Olt. heath eee! dee: wacae ‘eilaa. o satiate 

ee a ec ee an ee 8 Ya bossobo) as 

ae ee — igohiny a 

te ess act, Vee a AL eae 

MS ono yt mbedionsa) ieee ah: aera, no Vas, ce weet ae 

Nod SeetT — senioCieAbt ailpe staan «apie std) ‘een ws tian 8 io 

ext tlie worl Regd epee s hiuwaot yet cotta Ome Tenemad mb: : 

Liter ie e fend sige: ei) act kes OIE ened eile osiboa onli i 

decoy wis more cameos lie uathe a thie wre tes wot stg to 3 

See) @B-RET «SOOM: teleivagme mh he EGY 

et oo vides ohh shed went SR prin feet ihimuberg 28 Lie 

rc vel ss Ye foment bein ile teowreqgg etd ores bast oft one 

a a r osad Joely zone ‘i cop a: ioe 8 a 2 ssiehneie o 

RB Lae ot Ge mee seh hil we Dogma 


By ee ee ice tee TN 
pia 60h 1m cee wit ‘te whyarn haprrte sche esoLuctpanoag a Sa 
Torte. afd pode enna ah one taedy to Jeorttet odd thdpixe 
cod tel ait: rwob bewolt. rac! atatogly ont - de Sin sovarbinuald egnene st) - 

oi? Shower od agate wot? ot fees st eytonetie “hed? Bilwd 

bic. 2 Jain aaa yeiiiev alin ort Bsdarense sto Sthe vaste lg 
Sin, baswesd Gjeste’ afin Ay abedete one seve fal a] ardanteld aod beel 
Rs OS Jeeel oe age gees & mareatinicaes ial ‘get etit uate ects % 


199 


and consequently further advance was inhibited by calving along the 
edge of the plateau. This semistable ice front is documented by 
moraines trending across the plateau. Subsequent moraines also mark 


the retreat from this configuration (Fig. 4.5). 


The general stratigraphic sequence suggests a single glacial 
_ cycle followed by a marine transgression and postglacial rebound. 
However, the type of glacigenic deposit attributed to the glacial 
advance varies between sections. Furthermore, the relationships 
between these sediments and the overlying marine silts also differ. 
Therefore the model of one glacial cycle recorded in these sediments 
may be simplistic. All the basal exposures along the SW side of the 
delta exhibit either a diamicton or coarse outwash over bedrock. Two 
distinct diamictons are present; one with faceted and striated clasts 
enclosed in a silty matrix, and the other with mainly rounded clasts 
in a sandy matrix. The former is similar to tills reported from 
nearby areas and it was probably deposited by a glacier. The origin 
of the latter diamicton is less obvious as clearly defined analogs are 
absent. The two diamictons are mutually exclusive in all but section 


B where the sandy diamicton is stratigraphically lower than the till. 


Section A contains the diamicton that is unquestionably a 
till. The stratigraphic sequence here is similar to the one described 
at Till Island (Sec. 4.3.1). A grounded glacier apparently advanced 
across the bedrock surface depositing till whereas its subsequent 
retreat was followed by a marine transgression. Till fabrics indicate 


that the glacier flowed down from the plateau to this area, whereas 
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the abrupt contact with the overlying silts indicates a rapid retreat 
and transgression. Unlike the other sections described, an absence of 
intercalating beds of marine and glacigenic deposits in section A, 
suggests that a quasi-stable ice front did not exist in this area 
during initial postglacial transgression. The ice flowing off the 
plateau was more extensive at this site. The reason may be that 
section A lies downslope from a shallow trough which crosses the 
plateau and ice-contact features indicate that it was occupied by a 
tongue of ice. Local thickening of ice flowing seaward, together with 
a more gradual seaward slope, allowed for a more extensive advance 
here compared to thinner, more restricted, ice elsewhere on the 
plateau. An alternate source of till being deposited here could be 
from main ice in the Inlet, but the fabric within the till suggests 


that flow was perpendicular to what would be expected. 


The above till unit is also recognized in section B, but in 
this case the till is underlain by marine silts and the sandy 
diamicton. The sandy diamicton records an earlier event possibly 
unrelated to the glacial advance recorded in section A. However its 
absolute age and origin are presently unknown. Because the two units 
are so dissimilar the genesis of the sandy diamicton may be 
glaciomarine, or even colluvial, relating to a period of slope 
instability. This period of instability could be the result of high 
pore water pressures induced by the initial transgression early in the 
glacial cycle. The overlying silt unit may also relate to the 
transgression. Nonetheless, as the glacial cycle proceeded a glacier 


advanced onto the silts, depositing the upper till. The contact with 
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the till indicates a complex alternation of coarse glacigenic and 
marine deposits indicating a proximal, ice marginal environment. 
Proglacial fans or debris flows, issuing from the ice front, 
episodically disturbed syndepositional marine silts in deeper water 


more distal to the ice. 


Following the retreat of the ice front, the deposition of 
marine silt became dominant with only minor disturbance from 
ice-rafted clasts. The sequence of channels and moraines indicate the 
successive margins of an ice front retreating north-westward across 
the plateau. As end moraines were being produced at an elevation of 
ca. 160 m, an outwash terrace was built into a sea 124 m above 
present. Subsequent to the marine limit stage, the focus of meltwater 
outflow shifted to the NE, toward the present delta apex, where large 
terraces prograded into 107 m and 96 m relative seas. Eventually the 
environment became favourable for marine fauna sometime before 8.7 ka 
BP and the prograding delta deposited sands which eventually covered 


the area. 


Where the massive sand and gravel deposit of section C (Fig. 
4.6) fits into the above scenerio is not known. This 40 m unit is 
inset in the silts. If the silts relate to the last glacial cycle, 
the massive unit may indicate extreme sedimentation at a former center 
of meltwater outflow near the ice margin, perhaps in a subaqueous 


environment. 


Section D, on the other hand, has no till but contains 


bul 


Rat! | vl i etn nao 
rates ‘ahaa kia setae neunamnuicite: 
Ge iene ‘sia és 
yy ib Wie cunt sia anit 
stacgah suet aan wom ne a taenten se saittot ” a “ 
AY ected aoe Settaat ad a ed 9 
sil) ooochnk tebihinione ed mbeidieas ie Ualan—la “lin he 
ors cm Oesieily on aise Amey est! nat "Be" ead 


i ox ta wedes ge be ds outa aithad sv nian iniatic 
eVedn @ 88> wee 9 -caet TiS woe sacred fem fe | . “ht 
edb ioe Wo Beet wee od aban sntan ony ae 12) iy 
aphe! ooodw She See ogeeryy er trmaad an wid | 
agi i t ayes a  SBER svigetda di ar boy a ver pdat sates | a q 
ah 4.8 wtohed shone AOE tiie si eae ott f He 
bwtievoo Vil suoreve tote Ve 7 
t 4 re : ( ; 7 ; ' 
shi + Ge A cu .. : 
igi? > nerseee "to Heniteh Civeny coetie hoes swetnean watt erecta “pein nee : 
wae ee ey ee don ee orveenibe woe art! odat eth coe : 
(aloe balide ia Pe SE oF aired atite anv t eithe oat tit sad 
“ethe: witel 5 te noxsisd named emote sential ah aelaghiss | 
nepsDeMye 8 me etgisitriny “jattoten en wild Need woTetuo 16 | 
on pied a. pas et neice -—- @ cio 


ae i H "1 a al 


“ae i \ we we a git F ‘ a we 
i aT | i ‘ | — ‘ | ik’ baie y 
aT ee ee er * ‘uit SS ae Tere? abi ae ‘_ae 


112 


imbricate gravels of glaciofluvial origin which may be the facies 
equivalent of the tills deposited in sections A and B and the massive 
gravels of section C. Their deposition probably occurred in a 
submarine environment; perhaps fed by subglacial drainage issuing from 
the bedrock trough. Nonetheless, marine deposition followed for a 
short interval, which, in turn, was succeeded by a phase of 
fluctuating sedimentary conditions under which intercalated sequences 
of coarse gravels and silt beds were deposited. Coarse sedimentation 
from the edge of the ice front occurred intermittently, deforming the 
Silt beds which were deposited during intervening periods of 
quiescence. The sedimentary environment is interpreted as a proximal, 
proglacial zone characterized by calving, ice-rafting, sediment flow, 


and seasonal meltwater production. 


Section E, on the NE extremity of the delta, exhibits a sandy 
diamicton at its base. This diamicton has the same appearance as the 
diamictons of uncertain origin described in the other sections. 
Furthermore, the salt taste and induration are similar to the 
diamicton described at the Owl Perch Delta, perhaps indicating a 
comparable age. However, there may be no such relationship because of 
the ubiquitous gypsum in the area. Nonetheless, if the fabric of this 
unit is a result of glacial transport, the indicated flow is from a 
small valley and transverse to the flow from the main Gypsum River 
valley. Alternatively, if the deposit relates to a much older glacial 
episode, it may have been deposited by ice flowing down Inlet. 


Material identified as till is not found in the locality of Section E, 
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however, it is found at the mouth of the small adjacent valley to the 


NE (Moraine Creek, Fig. 4.5). 


In section E, grey marine silts abruptly overlie both the 
sandy diamicton and the bedrock, suggesting a rapid marine 
transgression. These barren silts in turn grade into the 
fossiliferous pale brown silts which dated 6.8 ka BP. Although the 
sedimentation between the two silt units appears continuous the date 
conflicts with older dates found upvalley, hence a hiatus in the 


section seems probable. 


In summary, the stratigraphy of the Gypsum River area shows 
that glaciers, emanating from the valley, advanced into Clements 
Markham Inlet, during the last glaciation. The extent of the advance 
in this area depended on the gradient of the submarine slope and the 
local variation in ice thickness. Generally, the ice remained in a 
quasi-stable position along the edge of the plateau, calving and 
dumping material into the sea. This glaciomarine environment was 
established sometime before 8.7 ka BP and it may have existed 
considerably earlier (> 10 ka BP), as will be proposed in a later 
chapter. Subsequent ice retreat and emergence from a marine limit at 
124 m occurred before 8.7 ka BP, when major delta terraces were 


constructed. 
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4.3.4 Moraine Creek Area 


4.3.4.1 General Description 


Moraine Creek flows in a narrow valley which is ca. 3 km NE 
of the Gypsum River (Fig. 4.1, Plate 4.5). The valley is only 6 km in 
length and presently contains no glaciers. However, given the 
orientation of the valley, it must have comprised part of the expanded 
valley glacier network flowing down the Gypsum River valley during the 
last glaciation. The narrow mouth of the valley lies ca. 2 km from 
the Inlet shore, and a bedrock ridge 100 m in elevation lies along the 


shore, enclosing an intervening basin (Fig. 4.7). 


4.3.4.2 Geomorphology and Stratigraphy 


Generally the lower slopes in this area are covered by marine 
silts up to 100 m. Lateral moraines at the narrow mouth of the valley 
rise from 140 to ca. 200 m within 1 km upvalley. Very coarse and 
angular gravel terraces, at elevations from 130-180 m, are associated 
with these moraines (K, Fig. 4.7). Numerous kettles and small, 
sharp-crested, arcuate ridges within the terraces suggests that these 
are ice-contact features. Some distance downvalley, terraces 
comprised of finer sands and gravels are graded to a local marine 
limit of 110-111 m. At lower elevations the basin contains outliers 
of till and marine silts mantled by soliflucted material. The bedrock 
ridge bordering the Inlet, on the other hand, is covered by in situ 


frost shattered bedrock, erratic rock debris, and marine silt. Shell 
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Plate 4.5 The northwest shore of the Inlet looking southwest 
from the marine limit terrace (114 m a.s.1.) above Omega Bay. 
The mouths of four valleys are visible in the distance; 
including Eider Delta, Moraine Creek, and finally Gypsum 


River where the marine limit rises to 124 ma.s.l. (Plate 
Io). 


Plate 4.6 A view of the 114 m a.s.l. marine limit terrace 


above Omega Bay, looking south across the Inlet toward the 
Grant Ice Cap. 
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fragments within this frost churned silt (site 27) dated 8605 + 140 BP 
(S=-2115). 


At lower elevations in the basin, 500 m from the mouth of the 
valley, gullies expose a till containing many striated and faceted 
clasts. The till has similar characteristics to the other definite 
tills described previously. Elongated clasts within the till indicate 
a predominant fabric aligned with the mouth of the valley. The till 
overlies bedrock and, in turn, is abruptly overlain by horizontally 
Stratified marine silts. The silts contain in situ shells (site 26) 
dated 9270 + 265 BP (S-2105). Approximately 600 m seaward of this 
Site, extensive silts at the same elevation contain shells (site 25) 
which dated 9845 + 485 BP (S-2123). These silts occur above thick, 


barren silts overlying bedrock. 


4.3.4.3 Interpretation 


The Moraine Creek area stratigraphically records a marine 
transgression following the retreat of the ice front. Ice flowing 
from the Moraine Creek valley occupied the basin and as it 
subsequently underwent retreat, it exposed the peripheral areas to the 
sea by at least 9845 BP. Further inland, the sharp contact between 
the till and overlying silts suggests a rapid transgression following 
ice retreat. The minimum estimate for deglaciation here is 575 years 
(9270 BP) later than in the lower valley, and suggests a rate of 


1 


retreat of < 1 myr.. However, given the large standard errors on the 


dates it is not possible to determine precise retreat rates. Numerous 
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kame terraces at the valley mouth suggest a number of stillstands in 
this vicinity. The major one occurred during moraine formation after 


9.2 Ka BP. 


The precise extent of the last glaciaton in this area is not 
known, however, if the sandy diamicton described on the NE side of the 
Gypsum River area is till (4.3.3.2, section B), it may have originated 
from Moraine Creek. Alternatively, the bedrock ridge, which formed a 
Seaward buttress to the ice occupying the basin, may have remained 
ice-free. Till was not found in this area, rather only frost churned 


marine silt and local rock occur together with some ice-rafted debris. 


4.3.5 Eider Delta Area 


4.3.4.1 General Description 


The Eider Delta lies at the mouth of a valley draining small 
cirque glaciers ca. 20 km upstream (Figs. 4.1, 4.7). The watershed 
lies entirely within the mountains of the northern coastal region 
Which are free of ice caps. The narrow valley leading from the 
interior terminates ca. 2 km from the Inlet shore where initial delta 
building took place. Presently a deep gorge cut into limestone 
breccia connects the valley mouth with the contemporary apex of the 
delta. The upper seaward slopes contain a number of shallow troughs 


which trend E-W to the mouth of Moraine Creek. 
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4.3.5.2 Geomorphology and Stratigraphy 


Like Moraine Creek, the mouth of the Eider valley contains 
several coarse glaciofluvial terraces recording glacial retreat and 
outwash production into a high sea level. Several former drainage 
networks, marking former ice margins, are found on the E side. The 
uplands are generally covered by a thin till veneer, whereas minor 


till ridges occur immediately above and below the marine limit. An 


extensive, well-washed, sand and gravel terrace marks the marine limit 


at 118 m (Plate 4.5). The slopes below the marine limit are mantled 


with silts which are in turn capped with angular rock debris. The 


uppermost fossiliferous silts occur on the E side of the river (site 


29, Fig. 4.7) and dated 8535 + 140 BP (S-2106). Shells collected from 


silts at 78 m on the W side of the river (site 28) dated 7640 + 140 
(S-2136). The shell samples were collected from the surface of the 
silts and both whole valves and fragments were used for dating. A 
series of sand and gravel delta terraces are inset into the silts 


forming terraces at 103, 41, 37, 30 and 9 m. 


43563 Interpretation 


A glacier occupied the mouth of the valley and contacted a 


former sea level at 118 ma.s.1.. Because exposures in the gullies 


and river bank beyond the valley mouth contained only deltaic gravels, 
the extent of the ice is not known. Nonetheless, the large volume of 


surface lag gravels on the marine silts may indicate that a floating 


ice tongue or an actively calving ice front existed nearby. 


120 


ti 


bo daontent feels auebhuers esoeriet atic eern00 
- casndewd ‘adie Leni | Saehiaee a tt 
eet Bead no, Bam ore sabetaw 90h near inane 
"very. hier itis oe wd nial 

nA. Jiak!. solve orld aie bes svede. 

timil onde ot ose eeseited Detey fe epiineniadel 
be Co umen aan RRL opiate ott wofed anette yee. Rab ada) 
arT  ed-wlaliyy hosp ib lagi ele a Loectyse a9 62 9 Hou 3 
othe) vovin ot to ebie @ edd! ie sueoo ene euotetilteso? 4 
tov) oatosling ation GOR SHe) 4 DEL BAB bode bas vy 3 ct 
Ot + OBIT beds (8S othe) tevin aed ‘to ate W onid 0 #67 ie eat a 
wig to soe aie eed av pavqukioe vou sass: sd aa “aBtsee) 
L” .gpideb 08 beaw side eittmemaaet bop. eeriay stedy eitoe bag aatte 
ed Lhe asd ote, seeent orem eliotn satiety feveng biis base’ 20 cole 
ot Beh OE i lk gor al more | 
bi het i whee sisi 4 
ie fatal, © Pe as 
> bevgein tine qabke etd So skuce ied betgte200. wioslg A” 1h 
20 Liu gtd of eenwecnep enheosd . Raed Orta: fovek aon “een! 
Aleveny slated yive hetisenas..iavem yeitay end baoyed. ined “rowdy, Bris ) 
WO stuiov aan ott  eeaLetitecoit emo: dom ek 202 ontt Yo desde’ one oS 
planes aan eae Se ena iG} 


bi 


i : i eR we Eu 
opt ee )4 ; ; 


oft, a ; a ye Sy iar 


121 


Deglaciation of the eastern side of the Eider Delta and 
establishment of the marine limit (118 m) occurred sometime before 8.5 
ka BP. However, the western side of the delta may not have become 
ice-free until ca. 900 years later. However, both dated shell samples 
were surface collections from sites that may still have been covered 
by ice during the establishment of the adjacent marine limit. 
Consequently these dates may only indicate that subsequent marine 
incursion was earlier on the eastern side of the Delta than on the 
western side, and no relationship exists with the marine limit 


terrace. 


As the ice retreated from the valley mouth and emergence 
began, large volumes of meltwater issued from the valley and produced 
several shifting channels before the present gorge was excavated. 
Early outflow of meltwater was concentrated on the E side which left 


large volumes of sands and gravels deposited there (Fig. 4.2). 


4.3.6 Omega Bay Area 


4.3.6.1 General Description 


The Omega Bay area contains two converging delta systems. 
The rivers which formed the deltas originate from presently vacant 
cirques in the nearby mountains. Similar to other areas described 
along this segment of the Inlet, an elevated plateau of 1-2 km in 
width lies along the foot of the mountains. The plateau contains a 


number of strike-controlled valleys and shallow troughs which trend 
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E-W, obliquely toward the Inlet shore. As the rivers flow into the 


Inlet, they truncate the plateau forming gorges (Fig. 4.8). 


The area between the Eider Delta and Omega Bay is included in 
the discussion of Qnega Bay. This area is comprised of a broad, 
hanging valley which has a central basin occupied by a lake. Present 
drainage from the lake is not directly seaward but connects to the 


Omega Bay drainage to the E (Fig. 4.8, Plate 4.5). 


4.3.6.2 Geomorphology and Stratigraphy 


The mouth of the broad, hanging valley between Eider Delta 
and Omega Bay is described first. A surface mosaic of bedrock and 
disturbed marine silts, mixed with rock debris and gravel, occurs on 
the seaward slopes up to 50 m. Outwash and till exhibiting numerous 
minor morainic ridges cover the surface at higher elevations. A large 
moraine dams the above described lake at ca. 160 m, above which lie 
flat terraces of angular gravel. Two major terraces on the W side of 
the lake occur at 163 and 170 m, and extend horizontally for ca. 500 m 


toward the sea, terminating abruptly on the slope (Fig. 4.8). 


The local sandstone bedrock, exposed on the slopes above the 
terraces, exhibits a distinct weathering break at 320 m. The break is 
characterized by increased surface weathering above this elevation, 
where inclusions within the rock were inset and etched up to 3 om in 
depth. Conversely, below this level, inclusions were flush with the 


relatively smooth bedrock surface. Unfortunately, this weathering 
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break could only be discerned in this one locality because different 
lithologies elsewhere did not exhibit it. Moreover, no indication of 
a weathering break was fund on till veneer covering a hill (ca. 306 


m) which separates this area from the SW river at Omega Bay (Fig. 
4.8). 


Moving to the Omega Bay area proper, the apex of the delta 
system comprising the SW sector of Omega Bay contains a prominent sand 
and angular gravel terrace abutting a weathered bedrock protuberance. 
The terrace forms a horizontal surface at 114 m and marks the marine 
limit in the area (Plates 4.5, 4.6). To the N, just across the 
southernmost river, a subdued moraine occurs at about the same 
elevation. The moraine terminates at the steep mouth of the valley 
where it is obscured by colluvium. Downslope, the SW delta system 
also contains gravel terraces at 19, 36, 40, 46 and 56 m lip 
elevations (Fig. 4.8; due to the close spacing of these terraces, all 


are not shown). 


The seaward slope of the intervening area between the SW and 
NE delta systems of Omega Bay has a long, well developed beach at 
110 m. The beach is comprised of well rounded, pea sized gravels and 
sand, and is level for 200 m. Furthermore, this elevation coincides 
with a notch cut along the hillslope farther to the W. Conversely, 
the E end of the beach abruptly terminates at the edge of a shallow 
trough, a former channel of the NE river (Fig. 4.8). Conglomerate 
bedrock exposed upslope indicates that the well rounded nature of the 


gravels comprising the beach is an artifact of the conglomerate, and 
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not due to recent water action. No dateable material could be found 
associated with this beach, and the highest level of marine silts lies 
downslope at 69 m. The silts are disturbed and overrun by 
solifluction lobes which contained shell fragments (site 31) dated 


7275 + 133 BP (S-2127). 


The lower course of the NE river valley in Omega Bay is 
characterized by a winding bedrock canyon which cuts through the 
plateau. A broad strike trough crosscuts the river valley ca. 2 km 
from its mouth. The rim of the resulting basin contains numerous 
terraces of coarse angular gravel. The upper terrace, just upslope 
from the 110 m beach near the junction of the trough and the NE 
valley, lies at 119 m and it rises steeply up the trough (K, Fig. 
4.8). The NE delta contains a series of lower terraces at 15, 22, 25, 


and 34 m which are comprised of foreset bedded sand and gravel. 


The NE extremity of Omega Bay is characterized by flat 
uplands near the marine limit, truncated by strike troughs. Lower 
bedrock knobs are flat-topped and mantled with well rounded gravels. 
Although moraines are absent, a higher bedrock ridge is breached in a 
number of places by gravel floored channels, suggesting an ice-contact 
environment along its landward side. A horizontal gravel beach lies 
on the seaward flank of this ridge at 116 m. Seaward from this, in 
lowland areas, depressions are filled with horizontally stratified 
marine silts extending up to 74m. A sample of a few in situ shells 
and fragments from these silts (site 34) dated 7850 + 130 BP (S-2117). 


Farther to the NE a prominent sand and gravel terrace at 71 m marks a 
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Subsequent sea level on the Inlet side. 


Exposures along the river of the SW delta exhibit crossbedded 
fine sands and silts overlying bedrock. This unit is overlain by 
horizontally bedded silts which exhibit reverse grading into foreset 
beds of silty sand which, in turn are overlain by gravel delta 
terraces. An important aspect of the delta stratigraphy is indicated 
along this section. The sections show that the uppermost foreset beds 
begin at a notch in the hillslope at 45 m with each successive, 
prograded bed running continuously to the valley bottom at an angle of 
25°. From this, it is clear that the subsequently formed delta 
terraces at 40, 36, and 19 m were cut into the pre-existing delta. 
These terraces have no relationship to the foresets which comprise 
them. This stratigraphic evidence is critical when interpreting in 
Situ shells obtained from the foreset beds (site 30) which dated 6860 
+ 80 BP (S-4765). Clearly the minimum sea level estimate is 46 m, or 


higher. 


Sections along cuts within the NE delta system display 
barren, horizontally bedded silts abruptly overlain by poorly 
stratified sand and gravel. The sands and gravels which comprise the 
delta terraces form an erosive boundary and are inset into the silts. 
Foreset bedding is evident with alternating bands of loose sand and 
gravel dipping seaward at 25°. A unit of coarse topset beds ca. 50 cm 
thick forms the treads of the terraces. Two in situ shell samples 
were obtained from the foreset beds of two terraces. The foreset beds 


of both could be traced to intersecting topset beds indicating 


ida raate deal wll jain: ee deine eftta 
| iieb lovey ed aiekyere ore ot Ab oa 
betas liad et enamide, shia aa ‘te. de al teuarts 

rhed fuerte Leora and Seth at eae a ' 

Stews: Aes ae shi ane 

th atins op. teunedied wiley sodhe ed -ag i 

sJieb dada, ‘lomaupancdie: tlt dei omits nthe 

wait Kes piioateeseia std arb, anata tt seme 
6e.inumbo colt esakmanel one oo mies | | 

fs shivered): jad 208 a sa neon § 

GOES mntab doze (Ot edi) alae | 


ape oe fi 


A my " ‘ ae 
Ne a8 epembseg: Lever me oe : 
| nM ah Vary tHe ey pine Ais alle 7 


‘om hae 


) e 


a) d 
oi. 


ie 


nie ie ey sib. eo i) owes iy 

‘cell medag onto eo ate aa 
os 1 meen OiRinaroe at aN ited se 
i 7 

att 2slngnos Heke mlemang se eboese et fam Oa Ea i 
CMe lte Wd Ofitl: Soerih Gon, cose Pho svhaore tay empath piccolo te) 
| hs One S00 eet are i eh pm * 
My OR 6h bac! Ssbaed -eiimOD Ie seh A RB te Seven gai 


128 


relative sea levels at 40 and 15 m (sites 33 and 32). The ages 
obtained were 6195 + 120 BP (S-2126), and 5255 + 110 BP (S-2125) 
respectively. The latter shell date is clearly too old for the 15 m 
relative sea level (see below), indicating that the 15 m terrace level 
has been cut into an older, higher delta terrace. This similar 


condition was noted in the SW delta system (further shown in Ch. V). 


4.3.6.3 Interpretation 


This area is similar to Eider Delta in that numerous kame 
terraces and moraines in the upper parts of Omega Bay indicate that 
glaciers reached the lower valleys, however, their outermost extent 
cannot be discerned. Although a diamicton veneer mantles large areas 
below the marine limit, it is thoroughly mixed with silt and therefore 
it is probably glaciomarine in origin (i.e. formed from ice rafting, 
or an ice shelf). However, in the SW area, till veneer on the uplands 
and summits, above the preserved weathering break at 320 m a.s.l., 
indicates a more extensive glacial cover of unknown age. The 
weathering break itself indicates a stillstand or subsequent readvance 
during which the ice was ca. 200 m thick in the SW area. The third 
major ice extent in this area is indicated, downslope of the 
weathering break, by the kame terrace at 170 m. This terrace may 
indicate the ice extent during which time the marine limit formed but 
it cannot be traced directly to a marine limit indicator. 

Nonetheless, numerous lower kame terraces and moraines record the 
subsequent retreat from this last position. These retreat patterns 


will be illustrated and discussed in Section 4.4. An alternative 
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hypothesis is that the 170 m terrace records a sea level which 
predates the last glaciation. If so, this would be the only example 


yet found in Clements Markham Inlet. 


Like a number of other areas previously described, 
determining the marine limit is difficult where kame terraces, 
moraines and marine limits occur at approximately the same elevation. 
For example, if all these features coincide in elevation near the 
mouth of a valley, it suggests that the former ice thickness 
approached the depth of water. In this case the glacier may have been 
sufficiently thin that it was forced to float as it debouched into the 
sea. Seaward of the grounding line the surface gradient of the ice 
would be horizontal and lateral flow would produce horizontal 
ice-contact features (cf. England et al., 1978). Furthermore, should 
outwash or slope debris accumulate along these horizontal margins they 
would produce kame terraces or moraines at approximately the freeboard 
elevation of the glacier. Conversely, above the grounding line 
concentrations of marginal outwash or slope debris would have a 


gradient controlled by the glacier abutting the valley sides. 


Given the above problems, the difficulty of discerning an 
eerontace marine limit may be considerable. Nonetheless, two main 
criteria were used to differentiate the likely origin of terraces in 
such environments. A primary condition for defining a marine feature 
is its horizontality and its lateral continuity as indicated by other 
Strandline indicators such as delta terraces, wave-cut notches, etc. 


(see Ch. III). Secondly, marine terraces tend to contain more rounded 
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and finer sediment than kame terraces which, in turn, contain coarser 


angular material with a high incidence of striated clasts. 


The Omega Bay area characterizes the hypothetical problems 
described above. For example, the 114 m marine limit terrace at the 
SW delta must have formed when the valley glacier occupied the valley 
mouth. Here moraines indicate that the water. depth and the ice 
thickness were similar such that the terminus was probably buoyant 
beyond the mouth of the valley. Similarly, glaciers occupying the 
upper valleys leading to the NE delta system produced the upper kame 
terrace which grades down to 117 m at the valley mouth where it 
terminates. The long 110 m beach which lies just below this point was 
formed after the glacier vacated the valley mouth. Marine shells 
provide a minimum estimate for local deglaciation ca. 7850 BP and this 
event is marked by prograding outwash, forming distinct delta 
terraces. As previously described, substantial outwash production 
continued until relative sea level fell to ca. 56 m. Subsequently, 
lower terraces were cut into these sediments. The period of low 
sediment input after the ca. 56 m relative sea is thought to indicate 
the demise of the local glaciers within the Omega Bay watershed (ca. 


6.5=-7 ka BP). 
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4.3.7 Windswept Valley 


4.3.7.1 General Description 


Windswept Valley lies about two-thirds the way down Clements 
Markham Inlet and it comprises the last major catchment (126 km*) 
draining into the Inlet's NW shore (Fig. 4.1). At present the 
southern part of this drainage basin is ice-free, however, the 
northern part contains a number of small glaciers and permanent 
Snowbanks in cirques and cols on Mount Foster, Mount Gladstone, and 
Mount Disraeli (Figs. 2.1, 4.2). Windswept Valley is generally 
steep-sided and narrow, however, as with a number of valleys on this 
Side of the Inlet, a bedrock sill runs across the valley near its 
mouth. The sill forms a dam, having a steep seaward slope and a 


gradual landward slope, which the river has truncated (Fig. 4.9). 


Three minor valleys, with steep gradients, lie adjacent to 
Windswept Valley and are also included in the description of this 
area. Two of the valleys, which lie to the NE are connected with the 
main valley by high passes (ca. 180 m, Fig. 4.9). The mouth of the 


third valley lies 1 km SW of the mouth of Windswept Valley. 


4.3.7.2 Geomorphology and Stratigraphy 


Benches cut in bedrock at elevations extending from just 
below the mountain summits to near the valley bottoms form prominent 


features along the valley sides. These benches may relate to scouring 


Te) PAU Poe 
i ae may Ay aT f i , Tea, : nee Wey e 
SE | kN Ay ase) 
iy ns)! a \ " We ; ui f eee i ‘ 10 
Lee 7 14% 
Awe hi ¥ LL! aie a] . i 1 
Te | ain if 
ee ee Ny 


"yl oe yoo RE eon ay 
Ay 1 ee y ; yt 


Bangin 2 qwoh yee. eed | selatuent rede m4 ot 
Conf OS!) sisaneteheas: ‘Lem, gael ond b dh bow = nt nt, 
ord Joeman JA. fh ® eA ope wounae 

etd .Tevewnd ooetinaa: ah, ited we 
insnemng: bs. avekoay them, to ‘iene © enksdne 
bos ,sredatel Jao weno gmc: e. elon. pl BUD. 
ieransy st yplisY Sgpuaha Ai» fol ats ane 
Lis no eyolev, Ye ecdebiet g sit a emeaodt rite 

eat seen, gate aie Bos emit Afsm gontbed 8, 

a tem ON is 0 30% 1c al 
2.31 gi) betmonirns gael may eld Perey sein 
hh ia saan bs “oil 
o} sisomtbe aff padeedhe tp. cone oo ee ON FT 


eae gtiw eiiinuabed kan ott sonic even os 
pit? Yo nducre ef, «QE Pt in GBP dno) romesq cays ed vet att 
| ‘atts agewnbash ¥9 tt ed 2! WE Ym paw: eg 
ie 


| icy oe N 

Jeu movt Sabeaesne. sobsiiihe $e waorbed a jue eononett ey v. ; oo) 

_ a a a alo a en lee a ie 
: 


(Lg-no99gL-¥ ‘Aueuqt] oyouduTy TeucTzeN) "000‘OH?L STBOS *1°G EeTqe] OF 4aseu Ef 
04 6€ sayep UoqueosoTpey °*4xX94 ayy UT peqTuosep ($) UOTJOES eYyy pue HO 6 ek 
W LL 3@ TeAeT aseq uesZ TeTANTTe 944 £(q) OTJeuus OTUBOTOA 9Yy} JO UOTICOOT 3U4 
2940U OSTY °SepTs AeTTeA ayy BuoTe sTeuueyo TeuTsuew sot snoueunu jo seTduexe 
QUOS SYeoTPUT SMOUUW “(OL*t “3TA 9eS) ASTTEA 94} UTYZIM SadPU49} USAT BY} 940N 


*AOTTEA YdemsputM 6° 2unsTy 


133. 


j ee 7 my 


i uo, ‘he an 


a iy . - 7 
7 te a OHO sal : 

ay “> : my ty a iby i 
Raa ass , 


: et ah ee ce a ea 


7 
‘ 


i} me . te 4 
; 4 - i ‘ hate) 
\ ri MW ne 4) 
. lia 
* ae 4 
; re anes 
| ly ‘ 
BY = Ve, 
¥ Mil alt) 
ei wn . 
a Ty ry As ‘ 
oi ; ” ty { 34 
= x i it 


vn 7 7 iz - ee 
‘a : ‘A. pan 


ae wic, “4! ey 


by former ice marginal drainage systems which exploited the weak beds 
in sedimentary rock. Some support for this is given by isolated 
gravels, perched on the valley sides, and in particular, by a 
flat-topped lateral moraine nested on the steep valley side at 343 m 
(ca. 5 km upvalley). This moraine segment forms a continuum with 
adjacent bedrock benches, suggesting a common margin of a former 


valley glacier. 


Evidence of greater ice cover in this area is indicated by an 
erratic of well rounded silicious tuff which was found near the summit 
of a minor mountain at 383 m, 6 km NW from the mouth of Windswept 
Valley (E, Fig. 4.9). Its provenance is resticted to small outcrops 
of lower Paleozoic volcanics S of Mount Rawlinson, and NE of Mount 
Frere (Fig. 2.2), ca. 40 km to the SW (Trettin; pers. comm., 1981). 
The implication is that at some time in the past a major ice sheet 
flowed in a NE direction parallel to the Inlet. Furthermore, several 
mountain barriers greater than 1070 m along this route must have been 
surmounted by the ice in order for the erratics to reach this site. 


The age of this advance will be discussed later. 


The lower slopes of Windswept Valley are covered by 
colluvium, but less steep areas have till veneers. Thicker 
accumulations of till form minor moraine ridges, usually at the 
confluence of tributary and main valleys. Moraines with sharp crests 
and a fresh appearance also occur near the mouths of vacant cirques. 


Striated bedrock also occurs on the floor of Windswept Valley. 
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Windswept Valley contains a number of coarse gravel river 
terraces. The largest of these occurs at the junction with the 
tributary valley that divides Mount Gladstone and Mount Foster (Fig. 
4.9). The uppermost terrace on the NE side of the Windswept river 
grades from 120 to 117 m, over a distance of 238 m. Farther 
downvalley, on the SW side, terrace remnants lie at 112 m and 107 m. 
Still farther downvalley a major remnant descends from 98 m to 86 m 
over a distance of 600 m. In the lowermost course small remnants also 
occur at 72 to 74m and at 50 m. The 72 m terrace on the NE side of 
the river is composed of frost churned gravel and silty sand which 
contains Portlandia arctica, 2.5 km inland. Finally, the mouth of 
Windswept Valley contains a single delta terrace made of coarse sand 
and gravel with an outer lip at 25.5 m. A plot of the terraces 
described above is shown in Figure 4.10, and their discussion follows 


in a subsequent section. 


The lower course of Windswept Valley also contains steeply 
dipping alluvial fans. A prominent break in slope occurs on the fan 
deposits at ca. 114 m a.s.1., 3 km from the sea. Gullies cut to 
bedrock exhibit thick accumulations of alluvium at this level, and two 
phases of gradation are evident; one to the upper level (114 m), and 
the second to the valley floor. In addition, lateral moraines 
descending from a tributary valley also terminate at approximately 
114m (Fig. 4.9) and this elevation could mark the marine limit within 


the valley. 


As noted, the mouth of Windswept Valley is blocked by a 
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bedrock sill. The bedrock in this area is composed of extremely frost 
Shattered shale and mudstone. A number of bedded silt outliers lie on 
the landward flank of this sill up to 102 m. Scattered shell 
fragments of H. arctica, collected on the surface at 81 m (site 40) 
dated 8935 + 145 BP (S-2114). Further upslope, at ca. 110 m, the 
Silts become thoroughly mixed with angular gravel and frost shattered 
bedrock. In some areas pockets of relatively undisturbed silts 
overlie outcrops of extremely frost shattered bedrock. Clearly, the 
bedrock was weathered before silt deposition occurred. No marine 
limit terrace was found in this area, but above ca. 110 m the silt 
matrix diminishes within the mixture of locally derived rock debris. 
On the seaward side of the sill, colluviated silts at 84 m (site 41) 
contain whole halves of H. arctica which dated 9195 + 275 BP (S-2133). 
No shells were found within the single delta terrace that lies at 

25.5 m, however surface shells from a gully cut into the delta dated 


7250 + 365 BP (S-2134). 


Striae were found along the shore of the Inlet between the 
mouth of Windswept Valley and the minor valley 1 km SW of it. The 
bedrock exposures occurred where recent sea ice action removed the 
overburden. The orientation of the striae is with the long axis of 


the Inlet (SW-NE) and may be the product of the sea ice. 


The adjoining valley, 1 km SW of Windswept Valley, contains 
lateral moraines with maroon conglomerate erratics high on the valley 
sides. The moraines descend to 130 m and 117 m at the seaward end of 


the valley (near site 39, Fig. 4.9). On the S side, the slope below 
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the moraine has a series of descending mounds and swales made of 
angular gravel followed by a beach at 95 m. Whole valves of Hiatella 
arctica exposed by frost action in the beach gravels (site 39) dated 
8605 + 260 BP (S-2107), and these provide a minimum age for the beach. 
The highest marine silts in the area were found on the N side of the 
river at 43 m, and these are generally mixed with rock debris. A 


prominent delta terrace also lies at this elevation. 


The two adjacent valleys, to the NE, connect to Windswept 
Valley via high passes (Fig. 4.9). One of the valleys contains 
Striated and sculptured bedrock indicating an eastward ice flow 
direction which diverged from Windswept Valley. Weathered, maroon, 
conglomerate erratics were found near the summit of the pass, and also 
at the mouth of the valley, in a flat-topped moraine just above a 
Steep scree slope. The top of the moraine lies at 121m and surface 
clasts, including a few chert pebble conglomerates, appear weathered 


with pitted and etched surfaces. 


The mouth of the second valley to the NE is flat-lying and 
contains gullied marine silts overlying conglomeratic sandstone 
bedrock at ca. 30 m. Where recently exposed, the bedrock is smooth 
and possibly ice-molded, but no striae were found. Outliers of silt 
could be traced upslope where they become admixed with the underlying 
shattered rock. Here the underlying bedrock and the outcrops are very 
weathered. A silt pocket at 85 m (site 43) contains abundant shell 
fragments of H. arctica and M. truncata which dated 8345 + 140 BP 


(S=-2113). Upslope an accumulation of diamicton forms a hummocky 
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terrace at ca. 116-117 m. The mouth of the second valley is partially 
obstructed by a large, flat-topped ridge made entirely of gravel, 
lying at the angle of repose. The upper surface of this ridge occurs 
at 111 m, indicating an accumulation of ca. 80 m. A broad channel 
lies along the landward side of this ridge which, in turn, is bounded 
on the upslope side by a terrace comprised of angular debris (ca. 

126 m), followed by frost shattered bedrock containing occasional 


conglomerate erratics (Fig. 4.9). 


Owing to the steep and narrow nature of the valleys in this 
area, there are few exposures of anything other than colluvium. 
Exposures along upper Windswept Valley exhibit unconsolidated rock 
debris of various sizes, and till is not apparent. The major river 
terraces are comprised of more rounded, coarse sediment overlying 
bedrock. Further downvalley, the marine silts mantle very weathered 
bedrock, although at higher elevations the silts are thoroughly mixed 


with rock debris. 


A large section was found in the minor valley 1 km SW of 
Windswept Valley. The exposure extends ca. 75 m and is ca. 25 m thick 
(S, Fig. 4.9). The base of the section exhibits bedrock overlain by 
silty colluvium, containing many blocky clasts, which in turn, is 
overlain by stratified silts containing occasional dropstones. The 
silts are overlain by a 1m thick bed of very fine sands with massive 
bedding, and these, in turn, are overlain by silts containing a large 
volume of angular rock debris. Finally, the sandy gravels comprising 


the 43 m delta terrace form the uppermost unit in the section. 
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4.3.7.3 Interpretation 


The evidence presented from Windswept Valley depicts several 
degrees of glaciation. The most extensive of these is marked by the 
erratic of volcanic tuff deposited by a former ice sheet which 
inundated mountain summits. This, however, is the sole evidence for 
such an advance. Furthermore, the configuration of the former ice 
sheet produced flow patterns that are dissimilar to those of the 
contemporary ice caps, even if they were a few hundred metres thicker. 
The flowline indicated by the provenance of the erratic is parallel to 
the Inlet, and it seems surprising that a major re-entrant such as 
Clements Markham Inlet did not divert this flow. Nevertheless, recent 
computer modelling has indicated that a major ice sheet, grounded 
along the Continental Shelf of northern Ellesmere Island to 100 m 
below sea level, would produce a weak ice stream crossing the high 
terrain just NW of Clements Markham Inlet and would explain the 
occurrence of this erratic (Fisher, pers. comm., 1983). Further 
evidence of such an extensive ice cover may be provided by the chert 
pebble conglomerate erratics which are found within some of the 
moraines in Windswept Valley and are also reported throughout northern 
Ellesmere Island (Christie, 1967). However, these rocks outcrop on 
the SE side of Clements Markham Inlet and S of Markham Fiord, and may 
not have required a large ice sheet to deposit them (Fig. 2.2; Mayr et 


al., 1982). 


The second most extensive glaciation is recorded by moraine 


’ rT, \ | an We eri 
et y Vi : i . ean an 
Pili ave tire 
| a oe 


: ail pinot ao Ad 
apie a7 ’ cig in aie | 
ee i i is ea - bi 
rows sSékel cot a gi tt besnstom ' 
VO? ~S booing at ‘sages opted deem eet | 

” slo deka Jowre, wok fomesh 8 4th-bettwoga 
107 sovehive elim ely, eh (vera: oan — | 
sof “wnt gat td ne dete IRs wilt mdiitr hohe : — Me 
ody to peody of tetteteslb enw Sankt on a 
Tewo'S ream ieMORu wa 6 eri! eet RE MVE! jaded x 

Of felissq at otter aay eo. sonmnovord, st esa i 
2c tous Sonat "en a seal priate | 8S) bos 
dreoe ced Lactgvalt wood eing Anevith doit ‘bib toh iia) 
prhemoy (dibtie god von em 
O08 breca rome Lig theerist-voet ‘to ttede: eicilen 
Bl ot paberm anions lates ie secur ot | 
od naa tiftees tm, ge wate esol Yo oes 
rotor ABHOT meme ere pail) alder BRaly Yo sone 

Sito aA? ‘ed Gabithig. guiakdi basen | ov recesih he voualitly do 

mt tp mentioning 
APPR LON Sune eco: cate one tt yatta sasmpientbidnescer 
1S So1dus sey epedtt (rowel Mer ag sORAC.24C63) coetst onensetie 
‘Wem bare |, 202% asi Yo tee Saket Maca eBay ‘Shte Beale 
Bete {5.8 ee ee 


ity 
cng 


; ! 


a f ; + 
ee = j , 7 

ca > 

of 


- ew ak tna tm seen once — 


‘i 


. tc : tag! |) _ ; a 7 ; i? : 
‘ne. a ay nee : pe +2 eae Fie a 
‘iad en os an ma. if ee ie. = _ feo ge : , MV i ae nee ae - 


141 


remnants, striae, and a series of high-level ice marginal channels. 
These features were caused by a local valley glacier system. 
Downwasting and upvalley retreat of these valley glaciers resulted in 
the nesting of successive landforms, upvalley to the local cirques. 
Although this succession exists it should be cautioned that these 
features may not necessarily relate to deglaciation from the same 
glacial cycle. For example, the style of glaciation may have been 
Similar during several glacial cycles, only their relative extent 
could have differed. Certainly, time-breaks are indicated by the 
relative extent of weathering between: the moraines near the cirques, 
the moraines further downvalley or upslope, and the isolated erratics 
within weathered bedrock. However, these differences are only 
relative and greater resolution cannot be obtained. Moreover, 
changing Titnolories and microenvironments in the area produce 
inconsistencies which hamper the temporal quantification of weathering 


zones. 


Evidence indicating the maximum extent of these valley 
glaciers into Clements Markham Inlet was not found. Nevertheless, 
when entering the proglacial sea that inundated the valley mouths, the 
glaciers may have calved or flowed into ice shelves. Calving 
certainly occurred during the deglacial stage as indicated by the 
section 1 km SW of Windswept Valley described above. Here, the 
lowermost silty colluvium is interpreted as the product of slope 
instability brought on by the marine transgression early in the 
glacial cycle. This material is of upslope origin and clasts are 


angular and blocky, with no glacial modification indicated. After 
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this initial period, more quiescent, deep water conditions prevailed 
during which time silt was deposited in horizontal beds. A gradual 
increase of rock debris within the stratified silts may indicate the 
approach of a glacier producing large volumes of ice-rafted debris. 
Unlike the lowermost unit, this rock debris contains occasional 
erratics and faceted clasts. Finally, uppermost sandy gravels mark 
the postglacial regression of the sea. The high volumes of ice-rafted 
debris described above may indicate the former presence of an ice 
shelf or floating glacier tongue. Elsewhere, especially near the 
mouth of Windswept Valley, surface silts of marine origin mixed with 
rock debris are widespread on the upper slopes. However, this silt 
cover is thin and the relative amount of subsequent, subaerial mixing 


with the underlying weathered rock is not known. 


Additional evidence for floating, or at least calving 
glaciers in the valley 1 km SW of Windswept Valley is provided by the 
95 m beach and the bordering lateral moraine at 130 m. Silt deposits 
in Windswept Valley indicate that the marine limit in this area is 
above 103 m. Because the highest water level indicated in the SW 
valley is only 95 m, a glacier occupying the valley must have 
prevented the sea from making contact with the land when the sea stood 
higher. It should be noted that it is not a coincidence that the 
lateral moraine lies at 130 m. Given the elevation of bedrock in the 
valley floor, the glacier that formed the lateral moraine must have 
been at least 111 m thick. Because the average density of glacier ice 
is 0.88 gm om7* (Paterson, 1969), about 98 m of water was required to 


float the snout of this former glacier. Hence, the ratio of ice 
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thickness to water depth required to float the glacier is clearly 
demonstrated at this site. Moreover, because calving is more 
effective than melting for disposing of glacier mass, a stillstand 
will occur when a glacier attempts to advance, or retreat, beyond its 
grounding line while the glacier adjusts to the new ablation regime. 
Lastly, the ca. 8.6 ka BP age obtained for the beach also provides an 


estimate for the age of the lateral moraines within this valley. 


The older shell dates reported from this area provide minimum 
estimates for local deglaciation. Nonetheless, the dates indicate 
that the mouth of Windswept Valley was ice-free ca. 600 years before 
the smaller SW valley (although the large standard errors may place 
the events closer together). In addition, the difference of 260 years 
on shell dates from the seaward (9195 BP) and the landward (8935 BP) 
slopes of the bedrock sill (crossing the mouth of Windswept Valley) 
may indicate a gradual retreat over several hundred meters. After 
this, rapid retreat is indicated by marine fauna found 2.5 km upvalley 
at ca. 72 m (estimated at >ca. 7.8 ka BP, Ch. V). It is surprising 
that marine bivalves (P. arctica) could successfully invade such a 
narrow valley, far inland where freshwater input was likely 
substantial. Of course, if the marine limit (ca. 114 m) initially 
extended further upvalley, as shown in Figure 4.10, these dates would 


not reflect glacial retreat. 


The marine limit within Windswept Valley is difficult to 
determine because colluvium from rapidly weathering bedrock has buried 


or destroyed any strandlines above 103 m. Silty rock debris is found 
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above 103 m, however, this may have originated from subaerially 
weathered mudstone in the area. Alternatively, the gravel terraces up 
to 120 m within Windswept Valley may mark the marine limit. However, 
wnen all the terraces are plotted within the longitudinal profile of 
Windswept Valley (Fig. 4.10), it is apparent that they may represent 
only a single former river profile graded to a sea level of 25.5 m. 
Alternatively, their ages may be dissimilar so that they represent 
remnants of successively lower river gradients which developed as the 
sea regressed downvalley. Lastly, if the glacier within Windswept 
Valley had retreated upvalley of the fossiliferous site, ca. 2.5 km 
inland, during the marine limit stage, the abrupt termination of 
descending lateral moraines, together with the high base level of 
alluvial fan gradation ca. 114 m, may indicate the marine limit at ca. 


114 m (Fig. 4.10). 


4.3.8 The Outermost NW Shore of Clements Markham Inlet to Cape 


Colan 


4.3.8.1 General Description 


This area is characterized by the steep, SE facing 
flanks of Mount Foster (ca. 920 m) and a smaller unnamed mountain 
7 km to the NE (650 m, Fig. 4.2). The steep seaward slopes are 
interrupted by several short valleys leading from small, ice-free 
cirques a few kilometers inland. A broad valley and bay separate 
these uplands from Cape Colan, which forms the NW entrance into 


Clements Markham Inlet (Fig. 4.11). Cape Colan has a low summit 
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(ca. 160 m) which descends abruptly on the E side to a lowland. 
The steep E slope contains a number of incipient cirques occupied 


by permanent snowbanks. 


4.3.8.2 Geomorphology and Stratigraphy 


The cirque floors on Mount Foster are generally covered 
by coarse till and colluvium and minor moraine remnants are found 
near the valley mouths. Small, raised deltas are also found at 
the valley mouths, however, distinct higher terraces are scarce. 
The largest delta, SE of Mount Foster, has the highest terrace in 
this area at 99 m. It is comprised of very coarse angular 
debris, including large subrounded boulders. An adjacent lower 
delta occurs at 73 m. The valley mouth E of Mount Foster 
contains isolated deposits of silty gravel with large clasts and 
rudimentary foreset bedding. Relative sea level could not be 
determined at the latter site because subsequent regrading to 


lower levels at 31 and 35 m had taken place. 


The small unnamed mountain NE of Mount Foster has lower 
slopes that are slightly less steep, consequently more sediment 
accumulated here. The upper seaward slopes are covered by 
coarse, angular rock rubble containing infrequent subrounded 
erratics. The colluvium forms a bench (rock glacier?) at ca. 
106 m. Marine silts lie on the mountain side up to 87 m (near 
site 44, Fig. 4.11). As well, a small horizontally stratified 


silt outlier abruptly overlies smooth, striated bedrock in a 
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level area at 84m. The striae show a SW to NE orientation, 
approximately parallel to the long axis of the Inlet (Fig. 4.11). 
The underlying limestone must weather rapidly because striae are 
absent and fretting is prevalent where the surface is exposed, a 
few centimeters from the covering silts. Abundant shells of H. 
arctica, in growth position, were obtained from the silt outlier 
(site 44) and these dated 8905 + 150 BP (S-2104). No relative 
sea level for this sample could be determined (87-95 m). A 
major silt, sand and gravel bench, immediately to the S, lies at 


84 m. 


An outlying ridge of extremely frost shattered shale, 
ca. 1 km to the NE of the above site, also has a silt mantle. At 
its upper limit the silt is thoroughly mixed with angular bedrock 
fragments (95 m). Conversely, the seaward slope bears a well 
developed beach at 78 m, and pockets of undisturbed silt lie near 
present sea level. The contemporary littoral zone is extensively 
bulldozed by sea ice movement from the ENE. This process of sea 
ice abrasion was also found on older raised shorelines several 


meters higher. 


Cape Colan represents the northernmost part of the study 
area. Most of the gentle slopes are covered by soliflucting rock 
debris, whereas more stable surfaces contain patterned ground and 
desert varnish. Numerous permanent snowbanks occupy 
low-elevation hollows. Limestone outcrops near the summit 


exhibit ice-molded forms which have subsequently undergone 
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intensive frost shattering, surface scalloping, and joint-block 
heaving. Although no striae were observed here during this 
study, Christie (1967) reported striae having a NW-SE orientation 
in this area. Nevertheless, this worker felt the gross 


morphology of the ice-molded forms indicate a former flow to the 


NNE. 


The steep slope, E of the summit at Cape Colan, contains 
Several nivation hollows or incipient cirques. Near one of these 
features, an arcuate moraine emanates from the cliff face for a 
distance of 100 m at 93 m. The moraine is comprised of silty 
rock debris, similar to the surrounding material. Rare shell 
fragments were found just downslope, at 67 m, where silts with a 
high content of angular rock rubble contain whole valves of H. 
arctica and isolated bands of redeposited plant material (site 
45). The shells dated 8550 + 135 BP (S-2116). The unusually 
high content of rock debris does not decrease significantly in 
these silt bodies until ca. 1 km downslope from the moraine at 


16 m. 


Steep slopes and rapidly weathering bedrock characterize 
the outer NW coast of Clements Markham Inlet, consequently no 
till sections were found. Furthermore, where till was observed 
it occurs only as thin discontinuous veneers that indicate minor 
glacial deposition and insufficient sediment supply for 
subsequent delta building. Significant amounts of fine grained 


sediments were found only in the Cape Colan area. Here, the 
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general stratigraphic sequence depicts glacial action, of some 
unknown age, preceding marine deposition which is followed by 
regressive deposits. The exception to this occurs where moraines 


are partially derived from the marine sediments. 


4.3.8.3 Interpretation 


The preceding descriptions indicate that the cirques on 
Mount Foster supported small glaciers, but their seaward extent 
is unknown. The lack of prominent raised deltas in this area 
could have been caused by two conditions. First, there may have 
been insufficent sediment input for delta building due to the 
small catchment areas, and second, very steep submarine slopes 
disperse incoming sediments so that delta building is inhibited, 
particularly during rapid postglacial emergence. Nonetheless, 
minor terraces were built during later times of decelerated 


emergence. 


The date on fossiliferous silts NE of Mount Foster 
suggests that local deglaciation occurred just prior to ca. 8.9 
ka BP. The abruptness of the contact between striated bedrock 
and the silts indicates that deglaciation was rapid. However , 
the apparent age of this glacial abrasion, coupled with the 
orientation of the striae, is enigmatic. Indicated ice flow is 
parallel to the Inlet and suggests a major trunk glacier flowing 
down Inlet, just before the marine incursion ca. 8.9 ka BP. If 


this is the case, the presence of such a glacier is contradicted 
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by older dates (ca. 9.8 ka BP) on in situ shells found at 
numerous sites further up the Inlet. A chronological hiatus may 
explain the incongruity, but it is unlikely that the underlying 
striae would be so well preserved if they are much older than the 
silts. Although, if the site remained below sea level, the 
striae, could be indefinitely preserved. The most likely 
explanations are that: the flow was from a local cirque glacier 
whose seaward flow was diverted N by topography; or that these 
striae were due to the geomorphic action of an ice shelf of 
either glacial or sea ice origin. In either of these cases, an 
earlier marine inundation up the Inlet is not prevented and 
therefore these explanations do not contradict the older dates 


previously discussed. 


The sculptured bedrock forms on the summit of Cape Colan 
also suggest overriding by ice, however, as with other 
high-elevation features in Clements Markham Inlet the absolute 
age of this event is presently indeterminable. What is known is 
that the lowlands were inundated by the sea at least by ca. 8.6 
ka BP and probably much sooner (see Ch. V). Very high amounts of 
rock debris within the marine silts indicate frequent ice-rafting 
either from glaciers or an ice shelf environment. Moraines 
deposited by ice from incipient cirques bordering the marine 
limit at Cape Colan could either have been built into the marine 
limit sea (ca. 95 m) by niche glaciers, or they postdate the 
marine transgression entirely, being neoglacial in age. In the 


latter case, it would mean that no evidence of pre-emergence ice 
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margins was found in the Cape Colan area other than an isolated 
bench of colluvium at 98 m. In any event, plant debris within 
the local silts suggests ice-free areas existed by at least 


8.6 ka BP. 


4.3.9 Piper Pass 


4.3.9.1 General Description 


The preceding sections described the NW coast of Clements 
Markham Inlet, whereas Piper Pass is the first area described on the 
SE coast, beginning at the mouth of the Clements Markham River. The N 
end of Piper Pass forms part of the lowland occupying the head of the 
Inlet. To the S, it becomes a narrow trough <2 km wide with 1000 m of 
relief where it cuts through the United States Range to join the Lake 
Hazen Basin (Fig. 1.1). At present Piper Pass is free of major 
glaciers, however, several smaller glaciers, damming three lakes on 
the valley floor, extend from mountain ice caps on either side of the 


trough (Figs. 2.1, 4.2). 


4.3.9.2 Geomorphology and Stratigraphy 


Most of Piper Pass is occupied by a contemporary sandur and 
several low-level terraces. Three larger side glaciers, flowing from 
the ice caps, completely obstruct the N flow of the drainage, 


consequently forming the ice-dammed lakes. Several former water 
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levels are indicated around these lakes and they are probably related 
to stages of glacial expansion or base level changes caused by changes 
in sea level. However, these distinct lake levels were observed only 
from aircraft and no ground observations were obtained because the 
lakes occur in central and southern Piper Pass, outside the field 
area. The side glaciers have formed trimlines and moraines a few 
hundred meters from present margins. Numerous rock glaciers, 
particularly along the W facing valley side, have complex forms and 
may be, in part, modified lateral moraines. Furthermore, thermokarst 
features on many valley-side deposits attest to high ice contents. 
Coarse grained alluvial fans are also common in the area and a few 


open system pingos were observed on them. 


The north end of Piper Pass is mantled by thick deposits of 
marine vite up to 85 m. These glaciomarine silts are extensively 
gullied and in places have a sparse lag of surface debris. A cover of 
coarse rock debris, including chert conglomerate erratics, mantles 
bedrock up to 160 m. Striations in the north-central part indicate a 


N flow aligned with Piper Pass (Fig. 4.12). 


Active sand wedges, ventifacts, and desert varnish attest to 
a harsh contemporary environment in this area. The marine silts also 
exhibit distinct N-S flutings and yardangs which indicate strong winds 
from Piper Pass. Athough such winds were experienced during the 
1979-1980 and 1981 field seasons, numerous fluted areas have been 
subsequently truncated by major gully erosion suggesting that the 


large flutes were formed long ago, possibly during initial emergence. 
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Figure 4.12 North End of Piper Pass. 


Note the kettled, glaciofluvial terraces built into a 103 ma.s.l. 
marine limit (upper right). Striae indicate a northward flow of ice 
from Piper Pass ( ). The arrow points to the till exposure 
described in the text. Radiocarbon dates 4 to 6 refer to Table 5.1; 
scale 1:60,000. (National Airphoto Library, A-16603-112) 
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A small valley, trending almost perpendicular to Piper Pass 
and parallel to the Inlet, connects the NE end of the Pass to the 
Arrowhead Delta complex (Fig. 4.12, upper right). The flat floor of 
this valley is composed of coarse sandy gravel with a number of kettle 
lakes. Large terraces of the gravel lie within Piper Pass at the SW 
end of this valley at 103 m and 96 m. Marine silts are exposed on the 
flanks of these terraces, however their exact stratigraphic 
relationship to the terraces is difficult to determine (discussed 
later). A number of silt outliers form distinct benches at lower 
elevations on the steep slopes of these terraces. The flat upper 
surface of one of these silt outliers contained abundant in situ H. 


arctica at 67 m (site 6) which dated 7860 + 330 BP (UQ-262). 


Two main sections were discovered in the N end of Piper Pass. 
The first of sees occurs downslope from the 103 m gravel terrace. 
Here, the base shows ca. 3 m of sand exhibiting cross-stratified and 
dipping plane beds which have subsequently been faulted. The sands 
are abruptly overlain by generally barren silts whose beds dip 5° to 
the SSW. The silts are up to 10 m thick and some upper beds are 
fossiliferous, containing several species of bivalves. As reported 
above, a sample of these shells dated ca. 7860 BP. These beds also 
contain intercalated mats of hair-like organic fibre a few centimeters 
thick. The stratigraphic relationship between the silts and the 
abutting gravel terraces is difficult to establish because loose 
material from the terraces obscures the contact. Nonetheless, it is 
likely that these terraces represent a coarsening towards the valley 


sides due to increased proximity of the ice. 
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The second section was observed where the river flowing from 
Piper Pass is diverted NE by a bedrock ridge as it enters the Inlet 
(Fig. 4.12). The cut-bank exhibits a 1 to 2 m layer of till overlying 
planed-off limestone and gypsum bedrock which, in turn, is overlain by 
Stratified marine silts. This sequence is similar to the one 
described at Till Island (sec. 4.3.1), and the NE flow indicated by 
its fabric could be related to ice from either the Clements Markham 
River valley or Piper Pass. However, no formal fabric analysis was 


undertaken at this site. 


4.3.9.3 Interpretation 


Erratics, striae, and till in northern Piper Pass indicate 
the presence of a former valley glacier flowing northward. Whether 
this ice merged with the glaciers in the Clements Markham River valley 
is not known, as medial moraines are absent. The retreat of the 
glacier from northern Piper Pass is marked by glaciofluvial terraces 
which graded into the marine limit sea at 103 m. During this time 
(ca. 7860 BP or earlier), a smaller glacier occupied the 
aforementioned cross valley at the NE end of Piper Pass. No evidence 
of the terminal position of the main glacier in Piper Pass was 
discovered, but fine grained marine deposits, 5 km up Piper Pass, 
suggest that the terminus was beyond this point during the marine 


limit stage. 


The overall stratigraphic sequence generally depicts rapid 


recession from the area of confluence of Piper Pass and the Clements 
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Markham River valley. However, in the area of the marine limit 
glaciofluvial terrace, the marine silts are underlain by cross- 
stratified sands rather than till. Given this fining-upward sequence, 
several interpretations can be proposed using the model discussed in 
Chapter III. The first interpretation suggests that the fining-upward 
sequence reflects a gradual rise in sea level up to the marine limit. 
However, this condition is inconsistent with glaciers blocking a high 
sea from this area, because a rapid transgression would follow ice 
retreat in such a case. The second interpretation is that the 
stratified sands could have been deposited during the initial 
transgression, early in the glacial cycle, when the ice front was 
still a considerable distance upvalley, and therefore a hiatus could 
exist between the sand unit and the overlying silt unit. In fact, the 
sharp boundary between the two units may be erosive, and furthermore, 
faulting within the sands may have been caused by subsequent 
overriding by ice. A third interpretation is that the sands were 
deposited in a proglacial, subaqueous environment by a center of 
meltwater outflow which later shifted and allowed silt deposition 
during the subsequent quiescent interval. In summary, the proglacial 
environment under which the sands were deposited may have been marine, 
glaciomarine, or even glaciolacustrine. As noted, contemporary 
proglacial lakes are common within Piper Pass. Moreover, Christie 
(1967) suggested the existence of a former proglacial lake at the S 
end of Piper Pass, 30 km NE of Lake Hazen. The existence of a former 
proglacial lake at the NE end of Piper Pass, therefore, remains a 


possibility if it was dammed by the main Inlet ice. 
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4.3.10 Arrowhead Delta 


4.3.10.1 General Description 


The Arrowhead Delta is a complex delta system found 
immediately to the E of Piper Pass (Fig. 4.13). The Arrowhead valley 
lies parallel to Piper Pass and is headed by a major outlet glacier 
from the Grant Ice Cap 11 km from the coastline (Fig. 4.2). The mouth 
of this valley is connected to Piper Pass via the cross valley 
described in the previous section, whereas a NW trending trough 
connects the head of the valley to the Breakthrough Delta (next 
section). Raised marine sediments at the mouth of the Arrowhead River 
were first described by Christie (1967) and a gravity station 

established there during 1957/58 is still shown on the 1:250,000 


topographic map of Clements Markham Inlet. 


4,.3.10.2 Geomorphology and Stratigraphy 


The overall distribution of sediments in this delta (Plate 
4.7) is similar to other deltaic sequences described. An outer belt, 
of thick, horizontally bedded and gullied, marine silt ca. 1.5 km wide 
represents bottomset deposition (Plate 4.8). The silts are, in turn, 
overlain by proglacial, sandy gravel terraces at higher elevations. 
Near the delta apex numerous kettles and hummocks suggest an 
ice-contact glaciofluvial origin for the gravels. These terraces 
generally grade down to a lip elevation of ca. 103 m. Subsequent 


river degradation has incised both the upper terraces and thick silt 
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Figure 4.13 Arrowhead Delta. 


The upper delta lies at the confluence of the Arrowhead Valley and the 
cross valley to Piper Pass (upper right corner of the photo). Note 
the kettled, ice contact topography with numerous former meltwater 
channels. Kame terraces and outwash surfaces grade down to the marine 
limit at ca. 103 ma.s.l.. Several rock glaciers (RG) have developed 
below steep cliff-faces and may in part be lateral moraines. Also 
note the descending delta terraces and the gullied bottomset silts. 
Radiocarbon dates 9 to 16 are described in Table 5.1; scale 1:30,000. 
(National Airphoto Library, A-16607-103) 


160 


Plate 4.7 The Arrowhead Delta. The Arrowhead glacier 
occupied the right of the photo and emitted sediment into a 
high sea of 103 m a.s.l. at ca. 8,000 BP. Coarse terraces 
formed near the ice front, meanwhile bottomset silts and fine 
sands settled out in deeper, more distal areas. Several 
coarser terraces prograded over the fines as sea level 
dropped. - Also note the rock glaciers which formed along the 
base of the steep cliffs in the upper center. Some of these 
may be rock glacierized lateral moraines (Fig. 4.13). 


Plate 4.8 Thick deposits of bottomset silts in the Arrowhead 


Delta are dissected by asymmetric gullies up to 40 m deep. 
North is to the left of the photograph. 
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deposits to form several lower delta terraces at 70, 50 and 33 m (Fig. 
4.13). The Arrowhead Delta has been further altered by a secondary 
stream to the W. Moreover, buried bedrock ridges and protuberances 
have redirected drainage and formed gorges during sea level lowering. 
The end result is that a complex series of smaller deltas lie inset 


and superimposed on the initial deposits. 


The area upslope of the delta apex contains till veneers, 
coarse glaciofluvial terraces, and lateral moraines ca. 120 m. Many 


of the moraines have been rock glacierized. 


Stream cuts on the W side of the delta complex have exposed a 
basal unit of cross stratified sands and gravels, 10 m thick, overlain 
by 3 m of diamicton containing many gravels similar to the underlying | 
unit, plus Badasional striated clasts. The diamicton is interpreted 
as a till, but it was not exposed for more than 50 m laterally in 
section. Ten meters of rhythmically bedded silts comprise the 
uppermost unit in the section. Seaward, along the same cut, only 
cross stratified sands underlie the upper silt unit, whereas further 
seaward, the silts are underlain by horizontally laminated fine sand. 
Like the other areas described, the stratigraphically lowest silts are 
barren in this area. However, some stratigraphically low, 
fossiliferous silts were found on the E side of the Arrowhead River at 
60 m (site 16); as well as on the W side at 75 m (site 9). These in 
situ shells of H. arctica and M. truncata dated 7965 + 65 BP (SI-4316) 


and 7900 + 335 BP (UQ-263) respectively. 
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Younger silt bodies are inset into the seaward periphery of 
the Arrowhead Delta. One such deposit originally reported by Christie 
(1967) contains detrital plant beds (site 13) which dated 6400 + 60 BP 
(SI-4314; Stewart, 1981). Stewart (1981) and Stewart and England 
(1983) discussed the environmental implications of the various fossil 
Species and they suggested that ameliorated conditions occurred at 
this time. Hiatella arctica in growth position were collected from 
bottomset sands, overlain by foreset sands grading to 39 m (site 12), 
and dated 6050 + 300 (UQ-277). This sample is considered to provide 
the maximum age estimate for the 39 m relative sea level. The W side 
of the delta contained the oldest driftwood yet found within Clements 
Markham Inlet. These samples, found on the surface of dissected 
marine silts at 93 and 83 m (sites 10, 11), dated 8545 + 110 BP 
(S-2210) and 8915 + 115 BP (S-2211), respectively (Stewart and 
England, 1983). 


4,3.10.3 Interpretation 


Ice-contact glaciofluvial sediments and moraines indicate 
that the Arrowhead Glacier reached Clements Markham Inlet. During 
this stage a tongue of ice also flowed NE from Piper Pass, through the 
cross valley, and merged with the Arrowhead Glacier. The limits of 
these glaciers are unknown, but the old driftwood suggest that this 
part of Clements Markham Inlet was ice-free by at least 8.9 ka BP. 
However, deglaciation of the delta zone did not occur until 8 ka BP, 
as at the mouth of Piper Pass. While the narrow mouth of the 


Arrowhead Valley was occupied by the glacier, the marine limit formed 
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downvalley at 103-104 m. Stagnant ice within the cross valley also 
produced large volumes of glaciofluvial sediments which prograded into 


the marine limit sea. 


Following the establishment of the marine limit, postglacial 
emergence continued and was accompanied by discrete pulses of deltaic 
progradation. Paleoenvironmental fluctuations during this interval 
are discussed in detail by Stewart (1981) and Stewart and England 
(1983). 


4.3.11 Breakthrough Delta 


4,.3.11.1 General Description 


Breakthrough Delta lies 7 km to the E of the Arrowhead Delta 
complex (Fig. 4.1). It is the last major raised delta system along 
the SE coastline of Clements Markham Inlet. The delta lies at the 
mouth of a valley network which presently drains a glacier emanating 
from the Grant Ice Cap and a number of smaller cirque glaciers, ca. 9 
km inland. One of the main tributaries is connected to the Arrowhead 
Glacier Valley via an upper col. Consequently, given the past 
expansion of the Arrowhead Glacier, additional ice would have entered 
the Breakthrough drainage basin (Fig. 4.2). The lower part of the 
drainage basin becomes progressively more flat-lying and open, 
allowing for the accumulation of sediment during the last 


transgressive/regressive cycle. 
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4.3.11.2 Geomorphology and Stratigraphy 


Till veneers and minor moraine ridges characterize the flat 
lying areas of the Breakthrough Delta region above 120 m a.s.l.. 
Several subdued moraines and ridges of ice-contact gravels lie close 
to the apex of the delta proper. Also, small arcuate till ridges, and 
till veneers are found adjacent to the delta at lower elevations, some 


extending below the marine limit (Fig. 4.14). 


Breakthrough Delta is composed of a series of descending 
gravel terraces which have prograded over deep-water silts. Silt 
outliers are also found in the periphery of the delta where modern 
fluvial erosion has isolated them. Major gravel terraces occur at 
117.5 m and 70 m. Abundant, disarticulate H. arctica valves were 
found in a silt pocket at 100 m, about 200 m downslope from the 
uppermost terrace (site 17). These shells dated 9745 + 255 BP 
(S-1981). Subsequent, lower terraces are associated with a seaward 
shift in the apex of the delta, as the river progressively downcut 


through the bedrock. 


4,3.11.3 Interpretation 


The distribution of the moraines in the flat-lying areas 
below the junction of the main tributary valleys, indicates that the 
area waS occupied by a number of glaciers that coalesced. At some 
point in time, certainly before 9745 + 255 BP (S-1981), the glaciers 


extended ca. 6 km beyond their present margins. During this stage, an 
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ice contact marine limit delta was built into a relative sea level of 
ca. 117 m. Subsequent stages of glacier retreat are documented by 
minor moraine remnants at various positions upvalley (Fig. 4.15). The 
moraines shown are thought to have been produced by glaciers which 
flowed into the Inlet from the side valleys, rather than by main ice 
in the Inlet, because the delta was prograding into the Inlet (hence 
the Inlet was ice-free) at the same time side glaciers were still 


occupying the mouths of the side valleys. 


4.3.12 The Outer SE Coast of Clements Markham Inlet 


4.3.12.1 General Description 


The SE coast of Clements Markham Inlet, NE from Breakthrough 
Delta, to Hamilton Bluff, is characterized by ca. 35 km of steep 
mountain flanks truncated by two major valleys and a number of 
smaller ones headed by cirques (Fig. 4.2). The two major valleys; one 
2 km E of the Breakthrough Delta and the other 7 km SW of Mount 
Beverley, contain sandar which drain a number of glaciers occupying 
the NW flanks of the United States Range (Fig. 2.2). The first 
valley, adjacent to Breakthrough Delta, is formed by the junction of 
three main tributary valleys ca. 3 km from the sea. In the second 
valley, the sandur terminates in a lake which, in turn, drains into a 
large bay on the central, SE shore of the Inlet (Fig. 4.2). The 
coastline, from this bay to Hamilton Bluff, is bordered by several 
valleys leading to ice-free cirques. These valleys decrease in size 


down Inlet. 
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4.3.12.2 Geomorphology and Stratigraphy 


Although the two main valleys which presently contain 
glaciers have most of the glacigenic sediments; even these do not have 
significant stratigraphic sections. Consequently it was not possible 


to find sufficient marine fauna for dating control. 


In the major valley directly E of Breakthrough Delta, the 
upper reaches of the three tributary valleys contain large areas of 
local rock rubble, colluvium and thin, discontinuous till veneers. 
Marine sediments are found only downvalley where the three tributary 
valleys meet. These marine sediments are comprised of isolated gravel 
terraces at various elevations, and horizontally bedded silts abutting 
steep hillslopes. The mouth of the E tributary valley contains a 
flat-topped sand and gravel terrace at ca. 111 m and a number of 
subdued moraines lie just upslope. Below the junction of the 
tributaries, the valley bottom is dominated by a large outwash fan 
building into the sea. A steep cliff, forming the E boundary of the 
fan, is covered with colluvium, associated rock glaciers, and lateral 
moraine remnants. The lateral moraines have also become rock 


glacierized in several areas. 


In the second major valley molded and striated bedrock was 
observed up to at least 350 m along the W side of the large bay. The 
striae are aligned parallel with the bay (NW-SE) and are formed on 
oxidized, orange-brown dolomitic sandstone and mudrock of the Imina 


Formation (Mayr, et al., 1982). Only the striated surfaces appear 
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oxidized because freshly exposed, frost-rived surfaces are grey in 
colour. At approximately the same elevation on the opposite side of 
the bay a number of benches are cut into the side of Mount Beverley 
across the bedrock strike. Flat uplands and broad hanging valleys 


are covered by till veneers. 


Concentrations of marine washed till and outwash separate the 
head of the bay from the large lake. Gravelly moraines, containing 
large boulders, lie on the valley sides bordering this lake (Fig. 
4,2). The moraines grade downvalley from ca. 100 m to 90 m, 
terminating in the vicinity of till concentrations at the head of the 
bay. The lake also has a number of strandlines formed above it, and a 
prominent gravel terrace lies at ca. 90 m, 1 km upvalley from the 
lake. Further upstream, the valley is dominated by the contemporary 
sandur, with scree slopes, lateral moraine remnants, and outwash 


terraces along the valley sides. 


The remainder of the SE coast of Clements Markham Inlet out 
to Hamilton Bluff, has only small deltas at some valley mouths, 
whereas, thin, discontinuous tills, mixed with high proportions of 
local rock rubble, occupy the highlands. Stream-cuts through the 
deltaic sediments show coarse, cobbly gravels whereas finer sediments 
are rare. The largest of these deltas lies 5 km W of Mount Beverley 
and at this site two in situ shell samples were obtained from sandy 
gravel, foreset beds. A sample of H. arctica obtained from an 
regraded 42 m terrace (site 38) dated 6595 + 125 BP (SI-4317), whereas 


the other, obtained from foreset beds related to a relative sea level 
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of at least 55 m (site 37), dated 6480 + 130 BP (UQ-261). The two 
outermost deltas, near Hamilton Bluff had minor terraces and gravel 
accumulations at 55 and 42 m respectively. Neither of these terraces 


was found to be fossiliferous. 


4.3.12.3 Interpretation 


Moraines, ice marginal channels cut in bedrock, and high 
level striae indicate that major coalescent glaciers, emanating from 
the Grant Ice Cap, occupied parts of the SE coastline of Clements 
Markham Inlet, especially in the vicinity of the two major valleys 


described. 


Although dating control is lacking, the major valley 
immediately E of Breakthrough Delta does contain a local marine limit 
terrace at ca. 111m. This elevation suggests that deglaciation, to 
at least the junction of the three main tributary valleys, occurred 
sometime not long after the marine limit was established at the 
Breakthrough Delta where shells at 100 m, related to the 117 m sea 


level, dated ca. 9.7 ka BP. 


Less is known about the major valley and bay SW of Mount 
Beverley. However, the striae indicate that a glacier, at least 350 m 
thick, occupied the mouth of the Bay at some unknown time in the past. 
During this stage smaller glaciers probably flowed from the upland 
cirques on Mount Beverley, coalescing with the main glacier. This 


stage of ice advance may correlate with the extensive advance 
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indicated by the outermost moraines in the previously described valley 
E of Breakthrough Delta (Fig. 4.2). If this advance is older than ca. 
9.7 ka BP, the striae have remained intact despite subaerial exposure 
for at least the duration of the Holocene. Although resistance to 
surface weathering may be a characteristic of the Imina Formation, it 
is noteworthy that striae on other lithologies within the study area 
are only found on recently exhumed surfaces. Because the striated 
surfaces have an orange-brown oxidation, recent exhumation of an old 
striated surface cannot be invoked here in order to explain their 
preservation. Furthermore, this ice molded rock is undergoing 
yeatrieeion under the present environment, and presuming that these 
conditions have prevailed for some time, these forms should have been 
obliterated. Moreover, if this destructive weathering has prevailed 
since deglaciation of the site the orange-brown surface oxidation 
would not have formed in the first place. Consequently, because the 
oxidized surface is present, the immediate environment after 
deglaciation may have been dissimilar to now, and/or the oxidation may 
have case-hardened the surface so that the striae are preserved, 
despite their age. A significant ice margin within the limits of the 
outermost advance is indicated by the moraines at 90 to 100 m, inland 
from the large bay. The glacier probably terminated on the seaward 
side of the lake at this time. Although several lake levels are 
indicated at lower elevations, the upper levels indicated by terraces 
at ca. 90 m are probably not lacustrine but related to marine 
incursion which followed ice retreat. The marine limit on the 
opposite shore of the Inlet suggests that the limit in this bay should 


be at least 110 m. 
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Evidence of glacial action along the outermost SE coast of 
Clements Markham Inlet is very limited and stratigraphic sections were 
not found. Till veneers are mainly comprised of local bedrock rubble, 
and are difficult to distinguish from colluvium. Sediment production, 
in general, was and still is very small so that deltas are limited. 
Raised deltas appear as non-graded cones that may represent submarine 
fans because, based on the elevation of the marine limit on the 
opposite shore of the Inlet, the marine limit sea did not register in 
this area. Furthermore, inhibited delta building during the time of 
the marine limit sea implies that the former glaciers, which would 
have supplied most of the sediment, must have also been small at this 
time. This contrasts markedly with the large deltas, and 
corresponding evidence of extensive glaciation, at the head of the 
Inlet. Like the NW shore of Clements Markham Inlet, evidence on the 
SE shore indicates progressively less extensive glaciation as one 


moves from the head of the Inlet to the outermost coast. 


4.4 Ice Retreat Map 


An integrated summary of the surficial geology (Fig. 4.2) and 
geomorphic descriptions (Sec. 4.3) within Clements Markham Inlet is 
provided by the Ice Retreat Map (Fig. 4.15). In the previous section, 
numerous ice-contact indicators such as kame terraces, moraines, 
meltwater channels (Plate 4.9), and perched deltas were identified 
within the study area. These features were mapped and correlated in 
order to approximate former ice configurations within the area. The 


resulting sequences of nested ice margins within the valley systems 
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Plate 4.9. Ice marginal channels near the head of the Inlet, 
along the northwest side. These nested channels dip down the 
Inlet to the right and mark the terminus of a trunk glacier 
which once occupied the head of Clements Markham Inlet. The 
Gypsum River delta lies to the right of the photograph. 
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Suggest a pattern of glacier retreat from the Inlet shore to the 
contemporary ice margins. Although most of the inner margins remain 
undated, ages of the ice margins along the coastline can be estimated 


from the dated fossiliferous marine deposits. 


4.4.1 Construction 


Constructing the Ice Retreat Map involved plotting the known 
ice marginal features derived from airphotos and field work on a base 
map. Secondly, all adjacent features which were thought to depict the 
same glacier profile were connected up and downvalley. Lastly, a 
certain amount of a cross-valley symmetry was assumed so that 
corresponding glacier margins, where missing, were plotted at the same 
elevation on opposite sides of the valley. Obviously the map contains 
a certain amount of interpolation because evidence of glacier termini 
occupying valley bottoms is commonly absent due to postglacial sandur 
activity. Furthermore, no provision was made for floating ice tongues 
or ice shelves within the Inlet which, due to calving, may have had 
more abrupt termini than shown in Figure 4.15. Nevertheless, rapidly 
descending ice margins near valley floors could be projected to 
approximate terminal positions. Additional problems also arise when 
the ice thickness was greater than the height of the valley sides 
because in such a case no estimate of ice extent (thickness) can be 
made. Moreover, present glaciers in this area have a wide range of 
profiles, from very steep to nearly horizontal, depending on 
underlying topography, so that correlation along the valley may be 


inaccurate. 
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4.4.2 Interpretation 


Despite the above constraints the Ice Retreat Map is thought 
to give a good impression of successive glacier margins as they 
occurred within Clements Markham Inlet. Retreat to contemporary 
margins appears to have taken place from expanded ice caps having a 
configuration similar to present. Although the spatial distribution 
of radiocarbon dates on the marine deposits provides chronological 
control for some of the margins, it is felt that a number of the 
northernmost ice margins, particularly those constructed entirely from 
ice marginal channels, may represent an older glacial cycle. These 
undated features may belong to one, or several, more extensive glacial 
cycles which preceded the last ice limit. Discussion of this aspect 


will follow in later chapters. 


Gross chronological control provided by the location of dated 
marine shells, indicates that the majority of Clements Markham Inlet 
was free of a fiord glacier before 9845 + 485 BP (25, Table 5.1), 
whereas, the head of the Inlet was occupied by glaciers until ca. 8 ka 
BP. The early interval, depicted in Figure 4.15, is characterized by 
a grounded glacier at the head of the Inlet while smaller side 
glaciers along the sides of the Inlet lie in contact with the high 
proglacial sea (full glacial sea). It will be proposed in the 
subsequent chapters that the ice margins which existed before 10 ka BP 
are the limits of the last glaciation (Plate 4.9). Subsequently, a 
number of sequential dates in the Moraine Creek area and the mouth of 


Windswept Valley (Figs. 4.7, 4.9) suggest slow retreat during the 
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period ca. 10-9 ka BP. In fact, the glacier at the head of 
Breakthrough Delta was only 6 km from the contemporary terminus at 9.7 
ka BP. This period of slow retreat probably continued until 8 ka BP, 
during which time large valley glaciers stood at the mouths of Piper 
Pass and Arrowhead Valley. Following 8 ka BP, rapid deglaciation 
resulted in the entire lower Clements Markham River Valley becoming 


ice-free within a few hundred years (by 7.6 ka BP). 


The Ice Retreat Map also depicts numerous younger still- 
Stands during recession upvalley. These were probably caused by minor 
glacioclimatic fluctuations that occurred while the valley glacier 
network disconnected. The fluctuations probably have related 
intervals of delta building which could be dated, but the existing 
stratigraphic record does not permit this correlation with specific 
ice margins. However, because significant deltaic progradation ceased 
along the NW coast of the Inlet in the period 6.5 to 7 ka BP (e.g. 
Omega Bay), the valleys in this area may have been entirely 


deglaciated by this time. 


The scenario presented in Figure 4.15 is also confirmed by 
the stratigraphy of the Inlet. The NW shore is characterized by 
intercalated sequences of marine and glacigenic sediments suggesting 
that the side glaciers were calving or floating into a high relative 
sea level (10-8 ka BP). On the other hand, exposures in inner 
Clements Markham Inlet show a clayey till overlying bedrock, 
suggesting the presence of a grounded ice mass during this time. 


Furthermore, subsequent overstep conditions into marine sediments 
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depict rapid marine inundation with an absence of intercalated 
sequences which would be produced by sedimentation from a nearby ice 


margin. 


Further interpretation of the events described in this 
chapter is provided by reconstructing the sea level history of 


Clements Markham Inlet in Chapter V. 


$55.1 


Chapter V 


Sea Level History 


5.1 Introduction 


Chapter IV presented the geomorphic and stratigraphic data 
and, together with 15 radiocarbon dates, a general model of ice 
retreat was proposed. In this chapter further interpretations of 
these radiocarbon dates are made and the associated relative sea 
levels are discussed in terms of glacioisostatic adjustments. It will 
be shown that sea level changes and differential emergence through 
time provide additional information on the glacial history introduced 


in Chapter IV. 


Table 5.1 lists the available radiocarbon dates from the 
study area and indicates their related sea levels. The specific 
location of each sample is shown in the figures within Chapter IV. 
Most dates are from marine shells whose stratigraphic positions were 
discussed in Chapter IV. However, additional dates were obtained on 
driftwood samples collected from fine marine sediments or from beaches 


where the related sea level could be determined. 
5.2 Emergence Curves 
The theory of postglacial emergence in the High Arctic has 
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been discussed in Chapter III. Emergence curves portray the position 
of relative sea level for a specific site through time; but, because 
of differential emergence (Ch. II), they do not portray sea level 
changes over a wider area. Information provided in the subsequent 
section of this Chapter shows that, due to such differential 


emergence, there is a whole family of nested curves within Clements 


Markham Inlet. 


Due to the abundance of low-elevation driftwood at the head 
of the Inlet, the most complete emergence curve was obtained from the 
Arrowhead Delta - Piper Pass area. Furthermore, concurrence of 
radiocarbon dates obtained on both marine shells and driftwood made it 
possible to cross-check the sea level points, resulting in a more 


reliable curve. 


Figure 5.1 shows the pattern of emergence determined for the 
head of the Inlet. Note that the style follows a 'normal', smoothly 
decelerating curve from ca. 7.9 ka BP to the present (cf. Andrews, 
1970; Blake, 1975). However, the earliest segment is dissimilar, 
showing only slow emergence from at least 11-10.5 ka to 7.9 ka BP 
(0.72 m 100 y~!; cf. England, 1983). 


Because the head of the Inlet was not deglaciated until ca. 
7.9 ka BP, older dates on marine sediments can only come from outside | 
the Arrowhead - Piper Pass area. Breakthrough Delta lies 7 km NE from 
the head of the Inlet and here the local marine limit is recorded by 


an ice-contact delta terrace at 117 m. Immediately downslope from 
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this gravel terrace, in situ shells of H. arctica were collected from 
silt at 100 m (site 17, Fig. 4.5) and these provide a minimum age of 
9745 + 255 BP (S-1981) for the marine limit. Plotted on Figure 5.1, 
it is clear that the point 117 m at 9745 BP does not fall on the same 
uniformly decelerating curve described by the next lower points at 7.9 
ka BP. Moreover, Breakthrough Delta is so close to these 7.9 ka BP 
Sites that it is unlikely that this point could fall on a ‘normal' 
curve simply shifted in time due to its earlier deglaciation. In the 
following section it will be shown that differential emergence in the 
Inlet indicates that the Breakthrough Delta date (9745 BP) is 


necessarily linked to very slow initial emergence prior to 7.9 ka BP. 


The highest sea level observed in Clements Markham Inlet 
occurs in the Gypsum River Delta. This site is located on the 
Opposite side of the Inlet from Breakthrough Delta, however it lies on 
approximately the same isobase (section 5.3, 5.4), and therefore, both 
sites can be plotted on the same emergence curve. In the lower Gypsum 
River a former sea level at 124 m is marked by an ice contact, marine 
limit terrace. Because the elevation of this marine limit is 7 m 
above the Breakthrough Delta marine limit, it must also be older than 
9745 BP. A specific date on this marine limit was not found, but by 
projecting the slope of the emergence curve up to the 124 m marine 
limit an approximate age for it is obtained (10.5 to 11 ka BP). 
Therefore, the 124 m marine limit at the Gypsum River Delta suggests 
that the period of slow emergence defined at the Arrowhead Delta and 
the Breakthrough Delta began at least 10.5-11 ka ago. This period of 


slow emergence is also verified by two sea level estimates at Moraine 
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Creek (25, 26; Table 5.1). However, these points fall slightly below 
the emergence curve because this site is a short distance down-isobase 


from the Gypsum River Delta. 


On the other hand, if one argues that the older dates are not 
related to these assigned sea levels, but are actually related to much 
higher, unrecognized sea levels which occurred in a preceding interval 
of 'normal' postglacial emergence, then these sea levels must approach 
200 m (given ca. 3.8 m 100 yr, the slope of the curve defined by the 
post 8 ka BP emergence). It should be noted here that Holocene marine 
limits at this elevation have not been reported in the High Arctic. 

In fact, the only comparable Holocene marine limits are found on the 
Canadian mainland associated with the demise of the Laurentide Ice 


Sheet (Dyke, 1979). 


The initiation of rapid emergence occurred at ca. 7.9 ka BP 
when relative sea level stood at 103-104 m. This is based on three 
separate, minimum estimates on the age of the local marine limit in 
the Arrowhead Delta - Piper Pass area (7860 + 300 BP, UQ-262; 7900 + 
335 BP, UQ-263; and 7965 + 65 BP, SI-4316; sites 6, 9, 16). In each 
case, the shell samples were in situ M. truncata and H. arctica, found 
in rhythmically bedded bottomset silts representing the earliest 
migration of abundant fauna into the area following deglaciation (Fig. 
4.15). Moreover, because these samples are from sites 2 to 3 km apart 
and elevations of 67, 75 and 60 m respectively, their similar ages 
suggest the initial entry of a fauna. Because bottomset sediments are 


commonly deposited contemporaneously with the marine limit topset 
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sediments, it is concluded that these dates provide the best age 
estimate for the 103-104 m ice-contact terraces, and therefore the 


minimum age of deglaciation for this area. 


The youngest segment of the curve is derived from driftwood 
logs found associated with prominent beaches. At the Arrowhead Delta 
dates of 2180 + 60 BP (GSC-3031) and 2190 + 50 BP (L251-B) were 
obtained on driftwood related to a7 m beach (sites 14, 15; Stewart, 
1981; Crary, 1960; respectively). A driftwood date of 4660 + 60 BP 
(GSC-2973), associated with a 22.5 m beach (site 2); another driftwood 
date of 6445 + 65 BP (SI-4315) associated with a 45 m strandline (site 
4); and a date of 6730 + 80 BP (UQ-282) associated with a 59 m 
strandline (site 5), were obtained a few kilometers closer to the 
Inlet head and these provide the upper driftwood points on the curve. 
Moreover, a eu date on a sample of in situ Hiatella arctica, (6050 
+ 300 BP, UQ-277) collected from sandy foreset beds related to a 
former sea level at ca. 39 m, is in good agreement with the slope of 
the emergence curve indicated by the driftwood samples discussed 


above. 


Several other driftwood dates obtained from this area gave 
anomalously old ages for their elevations (Table 5.1; sites 3, 7, 10, 
11 and 18). The occurrences of younger driftwood or shells at 
elevations near, or above, these older samples clearly indicate that 
the anomalous dates were obtained on driftwood that had been 
redeposited downslope before becoming embedded in younger littoral 


deposits. 
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The pattern of postglacial emergence directly reflects the 
ice load history which is responsible for the crustal adjustments. 
Therefore, the emergence curve presented here indicates a slowly 
diminishing ice mass from before 10 to 8 ka BP, followed by rapid 
retreat causing unrestrained crustal rebound similar to other recently 
deglaciated, arctic areas (cf. Andrews, 1968, 1970). This 
relationship appears valid as geomorphic evidence presented in Chapter 
IV substantiates the minor retreat of small glaciers within the Inlet 
10-9 ka BP followed by rapid recession of the main glaciers at the 


head of the Inlet ca. 8 ka BP. 


The shape of the emergence curve has important implications. 
The early period of slow emergence reflects the initial thinning of 
ice following the culmination of the last glacial cycle. This segment 
of the curve could only have been recorded at or beyond the maximum 
extent of the last glaciation. Moreover, major stillstands are marked 
at the mouths of several valleys (Chapter IV), and although in a 
number of cases the maximum extent of glaciers could not be 
determined, other areas indicate glaciers calving into a high sea 
which likely represents their maximum positions with no evidence of 


more extensive positions. 


A slow isostatic response to initial thinning of ice before 
the onset of rapid deglaciation has been suggested by Clark et al., 
(1978). Isostatic recovery occurring prior to deglaciation is termed 
restrained rebound. Although by strict definition restrained rebound 


occurs only at a site covered by thinning ice and therefore cannot be 
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observed (Andrews, 1970b), restrained rebound will nonetheless be 
recorded in the peripheral depression of the ice sheet (Walcott, 
1970). Furthermore, a period of high, near stable sea levels 
representing the apex of the glacial cycle should predate the time of 
slow emergence. This has recently been discussed by England (1983) 
who presents evidence for a stable sea level, at the marine limit, for 
several thousand years prior to initial emergence on NE Ellesmere 


Island (the full glacial sea). 


It is generally thought that there was a worldwide sea level 
rise during early postglacial time due to water transfer as the 
Laurentide and Fennoscandian Ice sheets melted (<18 ka BP; Andrews, 
1970). However, arguments presented in Chapter III imply that for 
relative sea level to be stable, isostatic uplift and eustatic sea 
level rise must be of equal magnitude. Although in situ thinning of 
ice sheets may cause restrained rebound, which could offset the 
eustatic rise in sea level during this time, recent hydro-isostatic 
modelling of global sea level changes suggests that the post-16 ka BP 
eustatic sea level rise in high latitudes was < 0 (Clark et al., 
1978). Moreover, Newman et al., (1979) could not find a coherent 
world wide pattern of postglacial eustatic sea level rise, based on 
current field data. Lastly, England (1983), did not find any evidence 
of ice recession in NE Ellesmere Island between 11-8 ka BP, although 
relative sea level remained essentially stable, thereby implying no 
local eustatic changes. It is therefore concluded that the eustatic 
component in Clements Markham Inlet was probably negligible and that 


emergence history closely approximates true crustal uplift, hence the 
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ice load history during the early Holocene. 


In summary, the emergence curve presented in Figure 5.1 
represents a site at the margin of a major ice limit and therefore 
records the early proglacial, as well as the postglacial, sea level 
history. Slow emergence from a high sea (124 m a.s.1.) in the zone of 
the peripheral depression records the onset of deglaciation at least 
11-10.5 ka BP, whereas rapid deglaciation did not occur until 8 ka BP. 
Geomorphic evidence (Ch. III) corroborates the ice load history 
recorded by the shape of the emergence curve. Flights of recently 
emerged beaches at the head of the Inlet indicate that emergence 
continues at about 30 om per century (Plate 5.1); therefore isostatic 


equilibrium has not yet been achieved. 


5.3 Equidistant Diagram 


The elevations of sea level features along the sides of 
Clements Markham Inlet can be plotted against distance (Figure 5.2). 
The relative merits of such equidistant diagrams were discussed in 
Chapter III. Ideally, the distance axis on the diagram should project 
toward the center of maximum uplift so that it is orthogonal to the 
trend of isobases. Because the isobase pattern was unknown, the 
distance axis was rotated until the best agreement was reached between 
the shoreline profiles and dated sea level features. The shoreline 
remnants were correlated by radiocarbon dates, or, where dates were 


not available, the ages of intervening features were derived from the 
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Plate 5.1. Recently emerged beaches (<1 m a.s.l.) near the 


Arrowhead Delta suggesting that emergence is still ongoing at 
the head of the Inlet. The width of the flight of beaches 


shown is ca. 100 m. 
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of many sites having local marine limits below the highest sea 

indicate the persistence of glaciers until later times (see Ch. IV). 
Conversely, initial emergence from the highest strandline must have 
occurred synchronously throughout the Inlet because it was initiated 


outside the last ice limit as soon as unloading began. 


The equidistant diagram (Fig. 5.2) indicates a number of 
discrete strandlines. As discussed in an earlier review (Ch. III), 
reasons for shoreline and delta terrace formation are variable; for 
example, some features are erosional whereas others are depositional. 
Andrews (1970a) suggested that a correlation between delta formation 
and pulses of glacial activity was plausible. Although some of the 
upper strandlines presented here are clearly related to former ice 
margins, the relationship of lower water planes to the ice margins is 
not clear. Moreover, any number of water planes could be drawn to 
explain the scattered intermediate sea levels shown in Figure 5.2. 
Hence, the correlation of various Holocene strandlines found in 


Clements Markham Inlet to a Neoglacial record was not attempted here. 


The tilting of the observed strandlines was caused by 
increased rates of emergence towards the former center of glacial 
loading. This differential emergence resulted in a family of nested 
emergence curves within Clements Markham Inlet. For example, 
emergence curves derived from sites farther out the Inlet (i.e. distal 
to the curve shown in Fig. 5.1) mimic its shape, but lie below it. 
However, because the rate of emergence decelerates thorugh time the 


curves approach each other later in the Holocene when the tilt of 
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emergence curve at the head of the Inlet. Shoreline features of the 
Same age were joined by straight line segments which depict the 
tilting of specific water planes. The best-fit projection of the 
distance axis has a bearing of 49° nearly parallel to the Inlet and 


approximately orthogonal to the northern coastline. 


The equidistant diagram shows a series of former water planes 
that dip down the Inlet. This dip decreases with successively lower 
and younger water planes. The uppermost strandline, which must date 
between 11-10.5 ka BP, has a maximum elevation of 124 m, at the Gypsum 
River, and it declines to 92 m a.s.l. at Cape Colan, over a distance 
of ca. 35 km. This uppermost strandline is considered to represent 
the proglacial sea which existed during the culmination of the last 
glaciation (Sec. 5.2). Subsequent, lower strandlines are subparallel 
until ca. 8 ka BP, after which there is a rapid decay in the rate of 


differential emergence. 


The elevation of the marine limit increases from Cape Colan 
to the Gypsum River, whereas inland (SW) of the Gypsum River it drops 
in elevation. This is because inland of the Gypsum River the marine 
limit is younger due to the exclusion of the older, high sea by 
glaciers. Consequently, in this area (within the ice limit) a certain 
amount of initial emergence occurred before ice recession allowed the 
sea to contact the land. Similarly, further out the Inlet, a number 
of valley mouths also do not register the full glacial sea which 
suggests that glaciers occupied them during this early interval (ca. 


11-10.5 ka BP). As discussed in previous sections, the stratigraphy 
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successive water planes decreases. In fact, differential emergence of 


the lower water planes could not be resolved in the field. 


The strandlines are inclined toward the maximum former ice 
load which is toward present day ice caps in the heart of the Grant 
Land Mountains. Moreover, the upper strandline has a gradient of 0.9 
m km! which is similar to values reported for early, postglacial 
shorelines in other Arctic areas (cf. Andrews, 1970b; England, 1983). 
The projection of the uppermost shoreline intersects present sea level 
ca. 137 km NE of Gypsum River. Given that the Gypsum River site lies 
near the last glacial limit, the width of the peripheral depression 
here is within the limits of the flexural parameter (crustal strength) 
calculated by Walcott ( =110-140; 1970). Furthermore, given a ratio 
of mantle/ice density of ca. 3.7, it can be calculated that almost 500 
m of ice seetipie the head of the Inlet during the maximum of the last 
glaciation. Because of the complexity introduced by mountainous 
topography on ice sheet configurations and thickness (Reeh, 1982) 


further predictions from geophysical models based on simple monolithic 


ice sheet profiles are not attempted here. 
5.4 Isobases 


The equidistant diagram indicates the magnitude and direction 
of shoreline diplacement within Clements Markham Inlet. This 
two-dimensional information is now used to reevaluate the pattern of 
isobases on northern Ellesmere Island. The isobases describe the 


trend surfaces of shoreline displacements in the region for various 
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times. 


As noted in the review chapter, a number of published isobase 
maps exist for NE Ellesmere and NW Greenland (England, 1976, 1982; 
Wiedick, 1976; Fig. 5.3). In each case the isobases increase in value 
from the Lincoln Sea, toward northern Ellesmere Island and NW 
Greenland. Moreover, although England's and Wiedick's patterns are 
fundamentally different further inland on NW Greenland, both isobase 
patterns continue smoothly along the northernmost coast of Greenland 
onto Ellesmere Island, where the isobases trend obliquely across the 
northern tip of the island. As discussed previously, the variance 
between these two reconstructions is largely due to the scarcity of 
data. In fact, England's (1976) depiction has only two control points 
on the N coast of Ellesmere Island. With additional data, England 
(1982) stouedesean trang the same pattern, but with higher values on 


the N coast of the island. 


The shoreline displacements presented in Figure 5.2 indicate 
an isobase pattern approximately orthogonal to Clements Markham Inlet. 
This suggests that the previously published isobases should swing more 
sharply northward as they cross Robeson Channel from Greenland. 
Furthermore, shorelines within the Inlet are higher than previously 
indicated for a given age, consequently the revised isobases must be 
displaced towards the Lincoln Sea. Figures 5.4, 5.5, and 5.6 show the 
isobases for 10, 8 and 6 ka BP respectively, based on the Clements 
Markham Inlet data plus additional information from NE Ellesmere 


Island (England, 1983) and preliminary results from Hall Land, NW 
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Figure 5-3 Regional isobases over the Queen Elizabeth Islands and 
adjacent northern Greenland coast for 6000 BP. 
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Figure 5.4 Isobases on the 10,000 BP shoreline over northern 
Ellesmere Island and northwestern Greenland (meters a.s.1l.). 
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Figure 5.5 Isobases on the 8000 BP shoreline over northern Ellesmere 
Island and northwestern Greenland (meters a.s.l.). 
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Figure 5.6 Isobases on the 6000 BP shoreline over northern Ellesmere 
Island and northwestern Greenland (meters a.s.1l.). 
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Greenland (England, pers. comm., 1983). Although the isobase pattern 
at 6 ka BP is similar to those previously published (Fig. 5.3), 
alterations of England's 1976 and 1982 maps for earlier times are 
warranted (Figs. 5.4 and 5.5). The revised isobase maps (Figures 5.4 
and 5.5) indicate that the recession of the ice caps in the Grant Land 
Mountains had a more significant effect in deflecting the isobases 
from NW Greenland than was previously envisaged. A separate center of 
uplift within the Grant Land Mountains produces a cell of low 
emergence over the Hazen Plateau. The cell diminishes with continued 
emergence of the Grant Land Mountains between 10 and 8 ka BP. 
Moreover, with post-8 ka BP accelerated emergence, the cell is gone by 


6uka dBPs CE ie 5.5.6). 


Much of the above scenario is governed by the different 
history of ager an unloading, hence emergence, between northernmost 
and NE Ellesmere Island (England, 1983). In NE Ellesmere Island, 
England (1983) describes a "full glacial sea" characterized by a high 
Stable sea level that marks the marine limit from at least 11 to 8 ka 
BP. The full glacial sea predates any glacial unloading by at least 
1 to 3 ka. This period was followed by an interval of slow initial 
emergence (0.7 m 100 yr7!) from 8 to 6.2 ka BP, and a subsequent 
interval of 'normal', rapid emergence that extends to the present. As 
can be seen, a time-lag of ca. 2 ka occurs between the onset of 
initial slow emergence in this area compared to the Clements Markham 
Inlet area where it began at least by ca. 11-10.5 ka BP (Fig. 5.1). 
In fact, this earlier unloading history extends at least as far E as 


Alert, where England's (1983, Fig. 7) revised emergence curve is very 
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Similar to that for Clements Markham Inlet. However, despite the 
different unloading histories between N and NE Ellesmere Island, the 
isobases shown for 10 ka BP (Fig. 5.4) closely reflect the maximum 
depression, and hence, the total crustal loading caused by the last 
glaciation. Consequently the low cell in the isobases described above 
is not simply an artifact of different glacioclimatic responses 
between these two areas in late glacial and early postglacial time, 


but rather it reflects the relative distribution of the ice load. 


Further clarification of the nonsynchronous nature of 
regional emergence is provided in Figures 5.7 and 5.8. These figures 
are derived from the isobase maps (Figs. 5.4, 5.5 and 5.6) and record 
isopleths of the amount of emergence that occurred between 10-8 ka, 
and 8-6 ka BP respectively. Figure 5.7 depicts the interval 10-8 ka 
BP during which uniform, slow emergence occurred over a large area in 
the NW (20 m), while the SE remained stable. Figure 5.8, on the other 
hand, indicates rapid emergence post 8 ka BP in the NW sector, while 
the formerly stable area in the SE begins to emerge at approximately 
the same rate as did the NW sector in the earlier interval (10-8 ka 
BP). Subsequently, the post 6 ka BP recovery along Nares Strait (Fig. 
5.6) acquired similar high values as occurred in the NW in the post 8 


ka BP period (ca. 3.5 m 100 yr). 


The isobase patterns describe a general SE migration of 
postglacial crustal response through the area during the early 
Holocene, with a 2 ka lag between the N coast and the northern part of 


Nares Strait. Emergence along the Ellesmere Island side of Nares 
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Figure 5.7 Emergence (meters) over northern Ellesmere Island and 
northwestern Greenland between 10,000 and 8000 BP. 
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Figure 5.8 Emergence (meters) over northern Ellesmere Island and 
northwestern Greenland between 8000 and 6000 BP. 
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Strait is considered to be primarily governed by reduction in the NW 
Greenland ice load, (England, 1976, 1982, 1983). This may explain the 
lag in initial emergence in this area as opposed to the earlier and 
largely independent rebound further to the NW. Consequently, earlier 
retreat of the Ellesmere Island ice may explain the time-step in 
emergence between the N and NE (England, 1983; p. 911). Moreover, it 
has been suggested that the large isotopic shift at ca. 10.5 ka BP in 
the Greenland and Devon Island ice cores indicates an abrupt climatic 
amelioration (Dansgaard et al., 1973; Koerner and Fisher, 1981). If 
this interpretation is correct, and the approximate response times for 
the Ellesmere Island ice caps and the Greenland Ice Sheet are ca. 2.5 
ka and 4 ka respectively (Fisher, pers. conm. 1983), it is possible 
that the Ellesmere Island ice reacted first ca. 8 ka BP, followed by 
the Greenland ice ca. 6.2 ka BP. Because it is likely that some 
reduction in glacier mass would occur after the onset of the proposed 
warming at 10.5 ka BP, and before rapid retreat (ca. 8-6 ka BP), this 
may explain the slow glacial retreat that was already under way in 
Clements Markham Inlet by ca. 9.8 ka BP. On the other hand, England 
(1982, 1983) found that glaciers on NE Ellesmere Island began to 
slowly retreat ca. 8 ka BP, a time when deglaciation in Clements 
Markham was well under way. To reconcile earlier unloading in the N, 
England (1983) suggested that a significant difference in 
glacioclimatic regimes may occur between the N and S sides of the 
Grant Land Mountains. It appears that the dated ice margins bear this 


out. 


5.5 Summary 
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Shoreline displacements in Clements Markham Inlet indicate 
the sea level history for the last 11,000 years. The emergence curve 
derived for the head of the Inlet is characterized by two distinct 
intervals: 1) slow emergence from 11-10.5 ka to 7.9 ka BP at a rate 
of 0.72 m 100-yr]'; and 2) rapid emergence after 7.9 ka BP which 
decelerated towards present sea level. It is noteworthy that the slow 
emergence in the first period is similar, in rate, to the initial rate 
reported on NE Ellesmere Island, which occurred ca. 2 ka later 
(England, 1983; 0.7 m 100 yr7!). The two intervals in Clements 
Markham Inlet are considered to represent a period of slow unloading 
by ice, followed by rapid deglaciation beginning ca. 8 ka BP, and this 
is also confirmed by the stratigraphy and geomorphology described in 
Chapter IV. Because the complete emergence curve is recorded near the 
head of the Inlet, and because the marine limit extends from the 
outermost boast to this site, this synchronous marine limit ( 11-10.5 
ka BP) records a full glacial sea which occupied areas beyond the 
maximum extent of the last glaciation. This is also partly 
substantiated by the stratigraphy near the Gypsum River, and at more 
distal sites, where local glaciers debouched into the full glacial 
sea. Evidence for an interval of earlier emergence, indicating 
recession from a more extensive ice cover has not been found. The 
equidistant diagram shows a series of water planes tilting toward the 
former center of maximum ice load within the Grant Land Mountains, and 
defines the trend of the isobases which run approximately parallel to 
the northernmost coast. The uppermost water plane, defining the 
regional marine limit, marks the tilt of the full glacial sea. 


Conversely, local marine limits at lower elevations within certain 
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valley mouths define the retreat of more extensive valley glaciers 


which contacted the full glacial sea. 


On a regional scale, shoreline displacements along the 
northern coast of Ellesmere Island are apparently beyond the isostatic 
influence of the NW Greenland Ice Sheet. New isobase patterns based 
on this study define a center of uplift in the northern Grant Land 
Mountains which in turn lead to a low cell in the Lake Hazen area, to 
the south. Southeast from the cell, shorelines rise toward the NW 
Greenland ice load (England, 1976, 1983). The local Grant Land 
Mountain rebound decays rapidly after ca. 8 ka BP, while the 
depression on its SE side is maintained until ca. 6.2 ka BP. This 
difference in emergence between the N and SE sides of the Grant Land 
Mountains is probably due to dissimilar glacioclimatic regimes, as 
well as to the differential response times affecting the Greenland and 


Ellesmere Island ice masses (England, 1983; this study). 


~osttey seetonl well ceed eed nd pene 


nomad ‘coscbeet Lowitinig tae Aeneas cb “phdadone: -antetavem 77 
ia oelnac O one “uironeste vont AO ink gas evel’ ahaa : . 


cht. Daal ve Kheawiaveney ona das det BM 


2) otaeehions ei cae ge tan % setioe2 * snob yb08! 
ot ene pat oy qilege ieee! e ot het aey mt ite at 

pd wel gentleratiy, 4 ateg ie met PMopeitend” _ 
net hese BAT. CRORE: SF (baetgra) ‘two bow be 
oe Waa eB eo 40th «cheers teeso. 7 
eH So” Ob PES MR isin al wiks z est r , 
“ac okt Yo wabte Be pei Feet naenided eoetsypiae it | | 


e 


1 
= cs 
sybuihe obA8 26th ala aaa Saami on 
2 c < - es ’ . : ' V J o> 
wok (ee, ell Sah arial fe - 
, N , oid i. C bs 


ail 
’' 


c Y Ab 7 
Po a a 7 ae Pr a a its! 
i , ; p i | he h . Ls mt ony avs 2 1 mi ‘ 
Ne ee 
4 " ¥ : , y 
Ae 
we i) 
} cae! , 
7 ‘ i 
, 
pe 
be 
f ¥ : La a 
Lab 
; at 
! 
ef 
2 | 
i ; 
ine 
i 
¢ i» ' - .ee d 


Chapter VI 


Discussion 


6.1 Introduction 


The objective of this study was to expand the glacioisostatic 
data base for northern Ellesmere Island and to relate it to the late 
glacial stratigraphy. It was assumed that this area would have a 
discrete isostatic response independent of the Greenland ice load, and 
that the Arctic Ocean would have a greater glacioclimatic influence 
here than on NE Ellesmere Island. Furthermore, the information 
concerning the Quaternary history of Clements Markham Inlet is 
relevant to aie question of ice extent in high latitudes during the 
last glaciation (late Wisconsin time) and this provides constraints 
for interpreting long-term ice core records in the region. This 
chapter summarizes the major findings from Clements Markham Inlet in 
order to further discuss the conflicting hypotheses of minimum versus 


maximum ice coverage during the last glaciation. 


6.2 Paleogeography and Chronology 


In Chapter III a facies model for glaciomarine sedimentation 
was presented which serves as an interpretive tool for distinct 
stratigraphic sequences within the study area. This model stressed 


that the combination of sediment input, ice proximity, and rate of 
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emergence governs the facies transitions within a stratigraphic 
column. The resulting stratigraphic interpretations, together with 
various radiocarbon dates in Chapter IV, were complemented by detailed 
mapping which led to a reconstruction of former ice margins in the 
area. Moreover, numerous radiocarbon dates provided chronological 
control for correlating sections and ice margins throughout Clements 
Markham Inlet. Lastly, reconstructing the sea level history in 
Chapter V further refined the interpretations in Chapter IV by showing 
the relationship between ice margins and sea levels. Furthermore, the 
differential emergence of raised shorelines defined isobase patterns 
which provide a regional perspective. The general unloading of 
northern Ellesmere Island was independent in relation to the emergence 
on NE Ellesmere Island, which reflects the influence of the bordering 


Greenland Ice Sheet. 


‘In order to summarize the above information, the 
paleogeography of Clements Markham Inlet is shown as it may have 
occurred ca. 11 ka, 8 ka and 6 ka BP (Figs. 6.1, 6.2 and 6.3; 
respectively). These ice margins, in relation to the former 
coastlines, identify the zone of interaction between marine and 
glacial environments during phases of deglaciation. Again, it is 
possible that ice shelves formed within the Inlet during these stages, 


or that certain glaciers extended further into the sea than indicated. 


At 11 ka BP (Fig. 6.1) the head of Clements Markham Inlet was 
indundated by confluent glaciers emanating from major valley systems 


along the northern flanks of the Grant Land Mountains. Major outlet 
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FIGURE 6.1 
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glaciers advanced out of Piper Pass, Clements Markham River valley, 
and Crescent Glacier valley (Fig. 2.1), extending 15 to 30 km from 
present margins. The overall ice cover at 11 ka BP diminishes toward 
the outer coast because the glaciers were smaller and confined to 
separate valleys from which they calved into the sea along the steep 
Sides of the Inlet (Fig. 6.1). Widespread stratigraphic sections near 
the mouth of the Gypsum River document these floating ice margins. 

The relative sea level at ca. 11-10.5 ka BP was 124 m along the ice 
limit near the head of the Inlet and it graded down to 92 m at the 


mouth of the Inlet at Cape Colan (Figs. 5.2, 6.1). 


The period between 11 ka and 8 ka BP was marked by slow 
glacial retreat and slow initial emergence. Nonetheless, by 9.7 ka BP 
some glacier termini along the SE coast were ca. 6 km from the present 
ice caps. Although at 8 ka BP (Fig. 6.2) the inner lowlands at the’ 
head of Clements Markham Inlet were still inundated by ice, major 
retreat of the smaller glaciers occurred in the outermost region of 
the Inlet. During this time the relative sea level dropped to 104 m 


near the head of the Inlet (Fig. 6.2). 


The period after 8 ka BP was marked by rapid deglaciation 
coupled by falling sea levels that resulted in the head of the Inlet 
becoming ice-free in less than 400 years. As the valley bottoms 
became ice-free marine transgressions occurred to maximum distances of 
10 km inland from the present coastline. Deglaciation was such that 
most glaciers probably reached their current positions or even 


disappeared by ca. 6-5 ka BP, when a large decrease in delta building 
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is recorded. Certainly, radiocarbon dates of 6-5 ka BP obtained on 
organic material adjacent to present glaciers in other parts of 
Ellesmere Island, indicate that these ice margins are as extensive now 
as they have been in the last 6000 years (e.g. England, 1978; Lowdon 


and Blake, 1979; King, 1981; V8lk, 1981). 


The situation in Clements Markham Inlet 10.5-11 ka BP is also 
shown in the cross-sectional profile (Fig. 6.4). This diagram shows 
the general stratigraphic sequences found throughout the Inlet and it 
includes facies changes during subsequent ice retreat and emergence. 
For example, the central lowlands at the Inlet head were occupied by 
thick ice which was able to mold the bedrock and deposit till (Fig. 
6.4, Section 2). Rapid deglaciation of this area, ca. 8 ka BP, was 
coupled with a marine inundation resulting in an overstep condition 
characterized by fine bottomset silts directly overlying the Crldiesor 
glacially scoured bedrock. Moreover, because these central areas are 
removed from the immediate sediment sources at the mouths of valleys, 
rapid postglacial emergence exposed these silt plains to extensive 
subaerial erosion. However, areas of concentrated sediment influx 
(i.e. valley mouths) produced sufficient coarse debris to cap the 
fines, producing a flight of successively lower delta terraces as sea 
level regressed (Fig. 6.3, Section 1). . As the rate of emergence 
slowed in later times, widespread deposition of littoral deposits 


could oceur (Fig. 6.4, Section 3). 


Beyond the terminus of thick ice occupying the head of the 


Inlet (Fig. 6.1), there was a peripheral depression occupied by a full 
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glacial sea where shorelines formed during the period of slow 
emergence 11 ka to 8 ka BP. The stratigraphy in the full glacial sea 
is very diverse and depends on the proximity to, and thickness of, the 
former glaciers flowing out of the side valleys (Fig. 6.4, Sections 4, 
5, 6). Generally, the stratigraphy is characterized by intercalated 
sequences of marine and glacigenic deposits, indicating fluctuating 
ice margins that floated or calved into the full glacial sea. The 
marine limit in the full glacial sea formed a continuous strandline 
along the sides of the Inlet which was only broken in certain areas 
where glaciers from side valleys debouched into the sea (Fig. 6.4). 
The upper strandline abruptly ends at the ice limit near the Inlet 
head, and sites which have local marine limits below the uppermost sea 
indicate glacier occupation. This is clearly exemplified by lower and 


younger marine limits at the head of the Inlet, inside the ice limit. 


From the evidence presented in this study it is clear where 
the major 11-10 ka BP ice limits were located. In Chapter IV it was 
noted that the ice retreat map (Fig. 4.15) showed undated ice marginal 
channels beyond the proposed ice limit. However, it was suggested 
that they could date from an older, more extensive glacial cycle (pre 
last glaciation). Furthermore, volcanic erratics on mountain summits 
near the outer coast imply a major ice flow parallel to Clements 
Markham Inlet, which surmounted mountain barriers. Certainly, this 
implies complete inundation by ice during some unknown interval in the 
past. Nonetheless, a redeposited willow branch within delta sands 
from the watershed SE of Mount Rawlinson, near the source of the 


erratics, provided a radiocarbon date indicating that ice-free areas 
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existed ca. 23,850 + 850 BP (S-2140, assuming this is a finite date). 
Trying to establish the age of the more extensive ice cover by 
defining zones of relative weathering is problematical because of the 
fast weathering of the sedimentary rocks and varied microclimates. 
Generally, the northernmost, ice-free areas of Clements Markham Inlet 
appear to have more frost shattered, rubble covered surfaces than the 
highlands adjacent to the ice caps, but these differences could not be 
systematically quantified. Consequently, the question of the glacial 
history prior to ca. 11 ka BP can only be deduced from the current 


data and this will be attempted here. 


There are two basic scenarios for Clements Markham Inlet. 
The first is that the maximum extent of the last glaciation is marked 
by the ca. 11 ka BP margin which was limited to the Inlet head and the 
mouths of some valleys (Fig. 6.1). This hypothesis has already been 
Suggested in the discussion of sea level history. The alternative 
hypothesis is that the ca. 11 ka BP margins are merely a recessional 
stage from a more extensive glaciation. This major advance may, or 
may not, be associated with the glacial stage during which an ice 
sheet completely inundated the area and dispersed the mountain summit 
erratics. The alternative hypothesis, then, would imply that all the 
margins shown on the ice retreat map are due to a single glacial cycle 
during which a grounded fiord glacier, or ice stream, extended out 
into the Lincoln Sea (cf. Christie, 1967). Based on available data 
this scenario has several important consequences. First, this glacial 
advance must have occurred after 23.8 ka BP, as vegetated surfaces 


presumably existed in more proximal areas during this time. Moreover, 
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these sites must have been overrun as the ice advanced to the more 
distal sites. Secondly, because the marine limit rises toward the 
head of the Inlet, the fiord glacier must have retreated rapidly (cf. 
Andrews, 1975). If so, this rapid deglaciation started before 9.8 ka 
BP, however, it must have slowed or ceased as the ice terminus reached 
the Inlet head ca. 8 ka BP, causing subsequent proximal marine limits 
to be lower. Third, sequential retreat of ‘a fiord glacier would also 
imply that 16 dates on the marine limits should be progressively 
younger as the head of the Inlet is reached (cf. Blake, 1972; England, 
1983). Moreover, postglacial emergence of sites along the sides of 
the Inlet should be characterized by a series of nested, "normal" 


emergence curves. 


Clearly, the consequences of this alternative hypothesis do 
not agree with most of the data. First, a systematic decrease in the 
age of the marine limit was not found as one goes up the Inlet. In 
fact, the oldest sample was found near the head of the Inlet. 
Therefore, it would have to be assumed that the age distribution of 
the 45 radiocarbon dates is random, and that an age progression simply 
was not found. Furthermore, if the marine limit at Cape Colan was 
considerably older than a Gypsum River as would be expected if the ice 
limit reached the mouth of the Inlet or beyond, the ca. 10 ka BP 
shorelines would lie well below 92 m at Cape Colan and older 
shorelines would have much steeper tilts. Secondly, the determined 
trend in marine limit elevations does not agree with the established 
emergence curve if the alternative hypothesis of extensive glaciation 


prior to 9.8 ka BP was true. This is because the alternative 
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hypothesis necessitates that the marine limit be younger as it rises 
towards the head of the Inlet. In turn, this rise in marine limit 
would mean that the presumed fiord glacier retreated rapidly (cf. 
Andrews, 1975), hence, crustal unloading should also be rapid ca. 9.8 
ka BP. However, the emergence curve indicates slow unloading during 
this time (10 to 8 ka BP) which is obviously in contradiction with the 
rapid retreat. Clearly, the only way the emergence curve can agree 
with the trend in marine limit elevations within the Inlet is if the 
marine limit was formed synchronously, beyond the last ice limit. 
Furthermore, the validity of the emergence curve was discussed in 
Chapter V, where it was noted that even if only the younger part of 
the curve is approximately correct (< 8 ka BP), then the sea levels 
related to the older shell dates (9.8 ka BP) would have to be in 
excess of any elevations yet observed on Holocene shorelines in the 
entire Queen Elizabeth Islands (if 'normal' rapid emergence began at 


9.8 ka BP instead of 7.9 ka BP). 


In conclusion, although it may always be argued that the 
absence of data does not necessarily preclude one or another 
hypothesis, the first hypothesis, that the ca. 11 ka BP margin marks 
the last ice limit, accommodates all the current data. Furthermore, 
the detailed nature of the field work endértaken makes it unlikely 
that the dated samples misrepresent the overall data set. Lastly, 
England (1983) also recognized at least two discrete glacial cycles 
related to the expansion of Ellesmere Island ice caps. Although, as 
noted in Chapter V, the timing of deglaciation during the last cycle 


appears ca. 2 ka out of phase with northernmost Ellesmere Island, the 
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overall model from NE Ellesmere Island is quite similar; also 


involving a full glacial sea beyond the last ice limit. 


The favoured hypothesis, however, does have two shortcomings 
Which are addressed here. The first of these deals with the paucity 
of dates related to the full glacial sea. Emergence from the full 
glacial sea should be synchronous, therefore the marine limit, outside 
the influence of local valley glaciers, should date the same 
everywhere along the sides of the Inlet (cf. England, 1983). Although 
there are several dates in the 10-9 ka BP range evenly distributed 
along the Inlet, these must relate to slightly lower sea levels. 
Furthermore, the full glacial sea must necessarily have been in 
existence throughout the last glacial cycle, but shells older than 9.8 
ka BP have not been found. Nonetheless, Clements Markham Inlet 
contains vastuaneas of barren silts which may predate 10 ka BP and the 
stratigraphy in some areas shows that marine deposits underlie 
glacigenic units which record the initial transgression during the 


onset of the last glaciation. 


The second shortcoming of the hypothesis is that, if the 
major ice reached its limit near the Inlet head, why are there no 
higher, older sea levels related to the earlier, more extensive 
glacial cycle? This is an important point, but a possible explanation 
exists if the NW and SE shores of the Inlet are compared. For 
example, although high sea levels from the last glaciation are well 
documented on the NW side, there is no evidence of similar sea levels 


on the SE side. As noted earlier, this is probably due to a 
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combination of steep slopes, rapid mass movement, and little sediment 
input which resulted in poor preservation of rudimentary sea level 
indicators on the SE side. This example, then, could be a pertinent 
analog to explain the absence of the older sea level indicators. 
Given enough time, even the raised shorelines on the NW side of the 


Inlet will likely be removed by prolonged weathering and erosion. 
6.3 Conclusion 


The previous section summarized the data obtained from 
Clements Markham Inlet and reviewed arguments pertaining to the 
location of the ice limit. It was concluded that the ice retreat map 
shows the most plausible sequence of ice configurations during 
deglaciation, whereas, the most extensive margins probably relate to a 
more ancient glacial cycle. Moreover, corroboration between the 
stratigraphy, sea level history, and age distribution of radiocarbon 
dates is best explained if the most recent glaciation did not 
completely inundate the Inlet but rather was restricted to about a 40 
km advance fron contemporary margins in the major valleys. Just as 
the extent of today's ice cover diminishes from the ice caps of the 
Grant Land Mountains to the ice-free areas near the mouth of the 
Inlet, so too did the relative intensity of the last glaciation. 
Confluent glaciers flowed from expanded ice caps invading the head of 
the Inlet, while cirques in the outer margins were re-occupied by 


smaller glaciers (Fig. 6.1). 


Finally, this study has answered questions pertaining to the 
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late Quaternary history of northernmost Ellesmere Island that were 


previously unaddressed. Nevertheless, as with most studies of this 


nature many new questions are raised. Some of these questions are 


summarized here and the direction of future work is indicated. 


(i) 


Gil) 


(iii) 


The primary need is to find marine deposits beyond the last ice 
limit that span the last glacial cycle. Older shells may have 
been overlooked in the field, particularly at lower elevations, 
because no simple relationship exists between the appearance of 
such shells and their age. Perhaps bottom sampling of the Inlet 
would produce the older shells. Moreover, bathymetric studies 
may also identify terminal moraines which would define the limit 


of the major ice within the center of the Inlet. 


Secondly, because the thesis has proposed glacial limits 
abutting a full glacial sea, one would expect to find evidence 
of higher, older sea levels related to previous glacial cycles. 
As noted these were not observed in Clements Markham Inlet, but 
they may exist in the numerous bays and fiords along the 


northernmost coast of Ellesmere Island. 


Furthermore, each additional dated sea level in the area would 
contribute to extending the isobases. This study has shown that 
the addition of a single emergence curve or cluster of points 
from a small area can substantially alter the isobase maps. 
Therefore: (1) There is an urgent need for studies of this 


sort, and (2) debates about the extent of regional ice cover and 
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ice mass geometry which rely on isobase maps for sole support 
Should cease until the data base is more sound. For example, 
the emergence data identified an independent center of 
glacioisostatic response over the Grant Land Mountains, hence a 
similar study is recommended on the SE side of these mountains, 
along Nansen Sound, in order to fix the position of the uplift 
center. This information would be valuable in assessing the 
size and extent of the Ellesmere Island ice load relative to the 
Greenland ice and the larger Laurentide Ice Sheet to the south. 
Of particular interest is that this study has shown that a 
limited advance of the glaciers in the Grant Land Mountains (<40 
km) produced up to 124 m of emergence near the ice limit. This 
is similar to the amount of emergence found in west-central 
Ellesmere Island where Blake (1970) proposed the center of the 
Tanuiieten Ice Sheet to be. More work on NW Greenland may also 
clarify the nature of the emergence saddle in the Alert/Lincoln 
Sea area. As data of this nature become available on northern 
Ellesmere Island, controls will be provided for the applicaton 
of theoretical ice sheet and glacioisostatic models (i.e. Reeh, 


1982; Quinlan and Beaumont, 1981, respectively). 


(iv) This study has shown that the onset of deglaciation within 
Clements Markham Inlet began ca. 2 ka sooner than south of the 
Grant Land Mountains. This implies a dissimilar glacioclimatic 
regime which deserves further study, particularly by the 
disciplines of glaciology and synoptic climatology, in order to 


identify contemporary controls on mass balance. Once these 
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(v) 


present controls are identified, the need for some presently 
unknown factors, such as changes in the sea ice cover of the 


Arctic Ocean, may be assessed. 


Lastly, during the course of this field work, problems arose 
concerning the genesis of various ice-contact, glaciofluvial 
features which may be associated with floating or calving ice 
margins. Moreover, a number of these features may also be 
indistinguishable from those left by ice shelves (sea ice and 
glacial types). Therefore it is recommended that more work on 
the contemporary geomorphic processes of present ice shelves be 
undertaken (cf. Sugden and Clapperton, 1981). Isotopic 
variations within marine pelecypods, reflecting relative 
meltwater production, may also shed light on the types of modern 
and anotent proglacial environments (189, '3¢, CE. 


Hillaire-Marcel, C., 1977; Stewart, unpublished). 
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